AD-A113  037  BOEING  VERTOL  CO  PHILADELPHIA  PA  F/G  9/2 

HESCOMP.  THE  HELICOPTER  SIZING  AND  PERFORMANCE  COMPUTER  PROGRAM— ETC (U> 
OCT  79  S  J  DAVIS.  H  ROSENSTEIN.  K  A  STANZIONE  N62269-79-C-0217 
UNCLASSIFIED  D210-10699-2-REV-2.  NAOC-78265-60  NL 


VJFJPrtJJL 

A  DIVISION  Of  THE  BOEING  COMPANY 

P.O.  BOX  16856  8  PHILADELPHIA.  PENNSYLVANIA  19142 

26  November  1979 
8-1162-5912 


Naval  Air  Development  Center 
Warminster,  PA  18974 

Attention:  Code  6051 

Subject:  Contract  N62269-79-C-0217  - 

Improved  Helicopter  Sizing  and 
Performance  Computer  Program 
(HESCOMP);  HE S COMP  Users  Manual. 

Enclosure:  (1)  HESCOMP  Software  (1  copy) 

(2)  HESCOMP  tJsers  Manual  (5  copies) 


Gentlemen: 

1.  In  accordance  with  Data  Sequence 
Items  A002  and  A003  of  the  Contract  Data  Requirements 
List,  submitted  as  Enclosure  (1)  is  the  HESCOMP 
Software  which  includes  one  ( 1 )  IBM  Magnetic  Tape  and  one 

(1)  set  of  sample  cases  in  the  form  of  IBM  punched  card 
inputs  and  line  printer  output  and  submitted  as  Enclosure 

(2)  is  the  HESCOMP  Users  Manual. 

2.  Upon  completion  of  the  one-day  oral 
review  to  be  conducted  at  NADC  on  6  December  1979,  all 
direct  activity  required  under  the  subject  contract  will 


me* 


have  been  completed  and  administrative  close-out  action 
will  be  initiated  necessary  to  preparation  and  submittal 
of  the  final  invoice. 


Very  truly  yours,, 


Manager 

R  &  D  Contracts 


cc.  Department  of  the  Navy 

Naval  Air  Systems  Command 
Washington,  DC  20361 

Attention:  Code  530134B  (w/enc.  2,  (3)  copies) 


NADC  Code  8131  (w/enc.  2,  (2)  copies) 


Department  of  the  Army 

U.S.  Army  Plant  Representative  Office 

Boeing  Vertol  Company 

P.O.  BOX  16859 

Philadelphia,  PA  19142 

Attention:  DAVBV-K  (w/out  enc. ) 

Defense  Documentation  Center 
Cameron  Station 

Alexandria,  Virginia  22314  (w/enc.  2,  (3)  copies) 


SPL/hcm 


HESCOMP 
USER’S  MANUAL 


...  * 


79  11  30  075 

•a 

1 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


*v 


[I 


*CCUft!TY  CLASSIFICATION  OF  THIS  PAGE  (Whmn  Dtm  Entered) 


REPORT  DOCUMENT AT10H  PAGE 


.  REPORT  NUMBER 

Report  No.  NADC-78265-60 


«.  TITLE  (end  Subtitle) 

User's  Manual  for  HESCOMP,  The  Helicopter 
Sizing  and  Performance  Computer  Program 


7.  AUTHORft) 

S.  J.  Davis*  H.  Rosenstein,  K.  A.  Stanzione, 
and  J.  S.  Wisniewski 


».  PERFORMING  ORGANIZATION  NAME  ANO  ADORES* 

Boeing  Vertol  Company 
P.  0.  Box  16858 

Philadelphia,  PA  19142  _ _ 


It.  CONTROLLING  OF  PICE  NAME  ANO  ADDRESS 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OP  REPORT  A  PERIOD  COVERED 

Final  Report 
April  -  October  1979 


«.  PERFORMING  ORG.  REPORT  NUMBER 

D210-10699-2,  Revision  2 


ONTRACT  OR  GRANT  HUMBERT*) 


N62269-79-C-0217' 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A  WORK  UNIT  NUMBERS 


12.  REPORT  OATS 

October  1979 


IS.  NUMBER  OF  PAGES 


I 


Naval  Air  Development  Center  (Code  6051) 
Warminster,  PA  18974 


MONITORING  AGENCY  NAME  A  AOORESSCM  dtftoront  tram  MMEtM  O/IIca)  ti.  SECURITY  CLASS,  fof  Mia  rap art) 

UNCLASSIFIED 


l«.  DISTRIBUTION  STATEMENT  (at  (hi*  Rap art) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  ( at  lha  abalract  MltnJ  In  Block  20,  It  dtttarant  Bern  Rapart) 


SUPPLEMENTARY  NOTES 

fkj  ei  ^Vie  H&COWq ?r^r0i 


It*  KEY  WORDS  (Contimf  on  rtrnif  mldo  II  notooomry  ant  Identity  by  block  mmbme) 

Helicopters  / 

Sizing  and  Performance  J 

Computer  Program  / 

Fortran  _  / _ 


10.  AVI  TRACT  (Continue  on  rovoroo  mldm  If  noeoooory  mod  Identity  by  block  number)  j 

HESCOMP  is  a  helicopter  sizing  and  performance  computer  program  very  similar 
in  format  and  operation  to  VASCOMP  ZZ,  the  V/STOL  Aircraft  Sizing  and  Per¬ 
formance  Computer  Program.  The  program's  purpose^is  to  provide  the  means 
for  rapidly  developing  helicopter  sizing  and  mission  performance  data.  The 
program  can  be  used  to  define  design  requirements,  such  as  weight  breakdown, 
required  propulsive  power,  and  physical  dimensions  of  aircraft  which  are  - 


I  JAN  7» 


1473  W  EDITION  or  1  NOV  SS  IS  OBSOLETE 
r  S/N  0102.LP-0144401 


unclassified 

SECURITY  CLASS!  PIC  ATI 


SECURITY  CLASSIFICATION  OF  THIS  RAGE  t*h*>  Data  BntwQ 


y  Ctryi  T  .  • 

">  designed  to  meet  specified  mission  requirements..  It  is  also  useful  in 
sensitivity  studies  involving  both  design  trade-offs  and  performance 
trade-offs.  WtfseflMK 

The  program  has  two  primary  independent  applications,  a  third  which  is  a 
combination  of  the  fir^t  two,  and  a  fourth  option  used  for  obtaining  air¬ 
craft  weight  only.  It^may  be  used  for  £fc£'siiging  e^helicopters  for  which 
the  type  of  aircraft  and  the  mission  profile  are  specified.  Alternatively, 
it  may  be  used  for  mission  calculations  for  aircraft  for  which  sizing 
details  (gross  weight,  fuel  available,  engiuei power  and  fuel  consumption, 
etc.)  are  known.  As  a  combination  of  these  two  capabilities,  the  program- 
may  be  used  (t^/Tirs'tysSize  a  helicopter  for  a  given  mission  and  then  calcu¬ 
late  the  off-design  point  performance  for  other  missions.  -1  ~  ^ 


The  program  has  been  written  in  a  manner:  to, make  it  directly  applicable  N. 
to  sensitivity  studies  to  determine  the  effect  of  variations  in  weight,  ) 
drag,  engine  characteristics,  etc. *  .  S 


The  program ^contains  size  trends  equations’  which  reflect  the  variation  of 
helicopter  dimensions  with  gross  weight detailed  statistical  weight  trends 
equations,  a  routine  for  sizing  of  engines ?to  match  airframe  requirements, 
a  comprehensive  library  of  engine  cycle  data,  a  library  of  rotor  cycle 
data,  and  a  variety  of  optional  procedures  for  calculating  rotor  and  • 
propeller  (cruise  only)  performance. 

The  program  can  be  used  to  study  any  single,  tandem,  or  coaxial  pure, 
winged,  compound,  or  auxiliary  propulsion  helicopter. 


.-"'viO* 

fer  : 


» -0  ^ 
c '  ' 


\  %\cr\  ■ 


COFT  I 

.  iN«ftonn y 


SECURITY  CLASSIFICATION  OF  TWS  RR*S<«Rm 


USER’S  MANUAL  FOR  HESCOMP 
THE  HELICOPTER  SIZING  AND  PERFORMANCE 
COMPUTER  PROGRAM 


Developed  under 

Contract  No.  NAS2-6107  (Study  of  the  Methodology  for  Evaluation 

of  an  Interurban  and  Intraurban  V/STOL 
Transportation  System) 

Revised  under 

U.S.  Navy  Contract  No.  N62269-74-C-0757 
and  N62269-79-C-021 7 


By  H.  ROSENSTEIN,  K.  A.  STANZIONE 
and  J.  S.  WISNIEWSKI  (Weights) 

•  Prepared  by 

C!SM m4ATV 

a  division  of  the  boeins  company 

P.  O.  BOX  168S8 

PHILADELPHIA.  PENNSYLVANIA  19142 


FOR  THE  NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
Ames  Research  Center,  Moffett  Field,  California  94035 

D2 10-1 0699-2 
September  1 973 
First  Revision  November  1974 
Second  Revision  October  1 979 


FOREWORD 


HESCOMP,  the  Helicopter  Sizing  and  Performance  Computer 
Program,  provides  helicopter  designers  with  the  same  capabil¬ 
ity  for  sizing  and  performance  calculations  that  VASCOMP  II 
provides  for  fixed-wing  aircraft  designers. 

Since  in  time  the  program  will  change  to  reflect  new  thinking 
and  grow  to  include  more  sophisticated  methods  of  simulating 
advanced  helicopters,  this  User's  Manual  is  loose-leaf  bound 
to  facilitate  updating,  of  the  program. 

Inquiries  regarding  the  program  should  be  directed  to  the 
authors . 
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IX)  INTRODUCTION 


1.1  BACKGROUND 

HESCOMP  is  a  helicopter  sizing  and  performance  computer 
program  very  similar  in  format  and  operation  to  VASCOMP  II, 
the  V/STOL  Aircraft  Sizing  and  Performance • Computer  Program, 
described  in  Reference  1.  This  similarity  is  dictated  by  the 
requirement  to  obtain  compatibility  in  both  usage  and  results 
when  using  HESCOMP  and  VASCOMP  II  in  helicopter-V/STOL  air¬ 
craft  comparative  design  studies.  The  program's  purpose  is  to 
rapidly  provide  helicopter  sizing  and  mission  performance  data* 
The  program  can  be  used  to  define  design  requirements,  such  as 
weight  breakdown,  required  propulsive  power,  and  physical  di¬ 
mensions  of  aircraft  which  are  designed  to  meet  specified 
mission  requirements.  It  is  also  useful  in  sensitivity 
studies  involving  both  design  trade-offs  and  performance 
trade-offs. 

During  formulate  -i  ihe  program,  the  following  guidelines 
have  been  folloitfsi:?, 

1 .  The  program  *  ^  .vld  maintain  generality  and  flexibility  - 
A  p r og r air, ~~oT'  tFJ  .s  type  must  be  comprehensive  and  flexlb  1  e 
in  order  to  permit  an  accurate  simulation  of  many  types  of 
helicopter  configurations.  It  must  be  capable  of  approxi¬ 
mating  the  design  process  involved  in  layout  and  sizing  of 
a  wide  variety  of  helicopters  and  synthesizing  the  per¬ 
formance  of  these  aircraft. 

2.  The  program  should  be  easy  to  use  -  In  order  to  minimize 
hand  computation  of  input  data,  the  input  to  the  program 
primarily  consists  of  a  series  of  single  point  values 
specifying,  for  example,  main  rotor  disc  loading,  solidity 
twist,  aspect  ratio,  taper  ratio,  etc.  of  the  wing,  tail, 
and  rotor  pylons  (where  applicable) ,  the  geometry  of  the 
fuselage,  the  type  of  propulsion  system,  a  description  of 
the  mission  profile,  and  weights  of  fixed  equipment,  fixed 
useful  load  and  payload.  Where  necessary  to  adequately 
describe  certain  functional  relationships,  the  input  is  in 
tabular  form.  However,  since  preparation  of  data. for 
tabular  input  is  generally  more  cumbersome  and  time  con¬ 
suming,  this  form  of  input  has  been  kept  to  a  minimum. 

3.  The  program  should  minimize  computation  time  -  In  order  to 
minimize  computation  time,  the  program  makes  ample  use  of 
optional  computation  paths.  To  eliminate  large  quantities 
of  null  arithmetic,  it  avoids  calculations  which  do  not 
apply  to  the  particular  aircraft  being  studied.  This  is 
accomplished  by  means  of  a  series  of  input  indicators  that 
specify  the  calculations  to  be  performed. 
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not  be  extremely  sophisticated  in  one  detail  and  yet  ex¬ 
tremely  simple  in  another.  To  offset  the  possibility  of 
this  occurrence,  great  care  has  been  taken  to  examine 
methods  used  to  describe  the  helicoper  and  its  operation. 

5.  The  program  should  be  compatible  with  VASCOMP  II  -  In  op- 
der  to  insure  program  compatibility,  care  has  been  exer¬ 
cised  in  planning  the  input/output  format.  The  input 
sheets  are  similar  (and  in  a  few  cases  -  identical)  to 
those  of  VASCOMP  II.  The  output  format  is  the  same  ex¬ 
cept  for  the  additions  of  those  output  quantities  pecu¬ 
liar  to  helicopter  performance.  Further,  this  User's 
Manual  is  identical  in  format  to  the  VASCOMP  II  User's 
Manual.  In  addition,  HESCOMP  utilizes  (unchanged)  the 
engine  cycle  library,  propeller  tables,  and  propeller 
short  form  performance  method  developed  for  VASCOMP  II. 


1.2  APPLICATION 

The  program  has  two  primary  independent  applications,  a  third 
which  is  a  combination  of  the  first  two,  and  a  fourth  option 
used  for  obtaining  aircraft  weight  only.  It  may  be  used  for 
the  sizing  of  helicopters  for  which  the  type  of  aircraft  and 
the  mission  profile  are  specified.  Alternatively,  it  may  be 
used  for  mission  calculations  for  aircraft  for  which  sizing 
details  (gross  weight,  fuel  available,  engine  power  and  fuel 
comsumption,  etc.)  are  known.  As  a  combination  of  these  two 
capabilities,  the  program  may  be  used  to  first  size  a  heli¬ 
copter  for  a  given  mission  and  then  calculate  the  off-design 
point  performance  for  other  missions.  The  option  of  calcu¬ 
lation  to  be  used  is  specified  to  the  program  by  means  of  an 
input  "option  indicator." 

The  program  has  been  written  in  a  manner  to  make  it  directly 
applicable  to  sensitivity  studies  to  determine  the  effect  of 
variations  in  weight,  drag,  engine  characteristics,  etc.  This 
is  accomplished  by  use  of  incremental  multiplicative  and  addi¬ 
tive  factors  applied  to  the  gross  weight,  component  drag  and 
fuel  required  equations.  For  the  most  part,  the  multiplicative 
factors  are  nominally  equal  to  unity  and  the  additive  factors 
are  nominally  equal  to  zero.  However,  to  determine  the  effect, 
for  example,  of  a  10  percent  increase  in  drive  system  weight, 
the  appropriate  multiplicative  factor  can  be  set  to  1.10  and 
the  sizing  program  rerun. 

The  program  contains  size  trends  equations  which  reflect  the 
variation  of  helicopter  dimensions  with  gross  weight,  detailed 
statistical  weight  trends  equations,  a  routine  for  sizing  of 
engines  to  match  airframe  requirements,  a  comprehensive  library 
of  engine  cycle  data,  a  library  of  rotor  cycle  data,  and  a  va¬ 
riety  of  optional  procedures  for  calculating  rotor  and  propeller 
(cruise  only)  performance. 
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The  program  can  be  used  to  study  any  single,  tandem,  or 
coaxial  pure,  winged,  compound,  or  auxiliary  propulsion 
helicopter  (see  Table  1-1). 


(2)  Auxiliary  independent 
propulsion  system 

(a)  T/Shaft  engine 

(b)  T/Pan  engine 
(o)  T/Jet  engine 


2.0  SPECIFICATION  OF  HELICOPTER  CHARACTERISTICS 


Specification  of  aircraft  characteristics  to  the  program  is 
made  in  a  variety  of  ways:  through  use  of  input  indicators 
which  specify  the  types  of  calculations  to  be  made;  through 
use  of  weights  factors  and  constants;  aerodynamics  data;  pro¬ 
pulsion  information;  and  mostly  through  use  of  nondimens ional 
geometric  information. 


2.1  HELICOPTER  GEOMETRY 

It  is  assumed  that  a  typical  sizing  analysis  starts  with  known 
payload  characteristics,  both  in  terms  of  payload  weight  and 
volume  requirements.  The  volume  requirements  are  usually  re¬ 
flected  in  length,  height,  and  width  of  the  constant  diameter 
(cabin)  section  of  the  aircraft.  Adding  a  nose  and  tail  sec¬ 
tion  of  reasonable  fineness  ratio  onto  the  cabin  sections 
would  complete  the  fuselage  geometry  if  this  were  an  airplane 
(as  sized  by  VASCOMP  II) .  In  a  helicopter,  however,  addi¬ 
tional  geometric  characteristics  must  be  determined  before  the 
external  fuselage  dimensions  are  completely  defined. 

For  example,  in  the  case  of  the  single  rotor  helicopter,  the 
total  fuselage  length  (in  addition  to  the  nose,  tail,  and  con¬ 
stant  diameter  sections)  includes  the  tail  boom,  the  length  of 
which,  in  turn,  is  established  by  the  tail  rotor  diameter  and 
the  need  to  maintain  a  reasonable  gap  between  the  main  and 
tail  rotor  discs.  Additionally,  the  tail  boom  length  itself 
is  affected  by  the  relative  position  of  the  main  rotor  on  the 
fuselage.  Vertical  tail  geometry  is  determined  both  by  dimen¬ 
sional  constraints  and  the  need  to  fulfill  directional  sta¬ 
bility  requirements  (e.g.,  sufficient  vertical  tail  area  to 
counteract  main  rotor  torque  in  the  event  of  tail  rotor  loss) . 
So,  although  the  basic  cabin  internal  dimensions  are  fixed, 
the  external  overall  dimensions  can  vary  widely,  depending  on 
how  conflicting  requirements  are  resolved. 

In  the  case  of  the  tandem  rotor  helicopter,  not  even  the 
internal  cabin  dimensions  are  necessarily  constant.  For  ex¬ 
ample,  the  need  to  require  a  certain  level  of  external  config¬ 
uration  compactness  (by  specifying  a  high  overlap/diameter 
ratio)  can  result  in  overall  fuselage  dimensions  which 
directly  conflict  with  internal  volume  requirements. 

Wing  geometry  may  be  dictated  by  maneuver  "g"  requirements,  j. 
specified  wing  loading  or  aspect  ratio,  or  even  propeller  tip/ 
fuselage  clearance  (in  the  case  of  a  compound  helicopter  with 
wing -mounted  propellers)  . 

Primary  and  auxiliary  independent  engine  nacelle  size  is  set 
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by  the  type  of  engine  and  its  size  (which/  in  turn/  is 
dictated  by  power  requirements) . 

Figures  2-1  and  2-2  of  hybrid  single  and  tandem  rotor  heli¬ 
copter  configurations  illustrate  the  type  of  information  con¬ 
cerning  the  helicopter  geometry  which  may  be  required  of  the 
user.  Tables  2-1  and  2-2  illustrate  typical  values  of  selected 
geometric  characteristics  for  various  aircraft.  A  complete 
list  of  input  geometric  variables  is  included  in  Section  5.3.1. 


2.2  PROPULSION  SYSTEM 

This  program  permits  the  use  of  either  a  single,  primary 
propulsion  system  or  a  combination  of  a  primary  system  and  an 
auxiliary  independent  propulsion  system.  For  the  primary  sys¬ 
tem,  turboshaft  cycles  are  always  used.  For  the  auxiliary 
independent  system,  either  turboshaft,  turbofan ,  or  turbojet 
cycles  may  be  used.  The  program  includes  the  applicable 
cycles  (shown  in  Table  2-3)  from  the  standard  library  of 
eighty-one  different  generalized  engine  cycles  developed  for 
the  VASCOMP  II  program.  The  user  of  the  program  may  either 
select  the  desired  engine  cycle  (s)  from  the  standard  library 
or  input  the  characteristics  of  any  arbitrary  engine  cycle  he 
may  choose. 

The  library  engines  are  unrestricted  in  performance  over  their 
operating  system  range  (dictated  by  power  setting  limits) . 
However,  the  user,  at  his  discretion,  may  include  limits  on 
engine  operation  by  setting  maximum  values  of  fuel  flow, 
torque,  or  gas  generator  or  power  turbine  shaft  rpm.  In  addi¬ 
tion,  nonlinear  scaling  effects  of  real  engines  may  be  included 
by  input  of  Reynolds  number-based  correction  factors.  Degra¬ 
dation  in  performance  of  turboshaft  engines  operating  at 
nonoptimum  power  turbine  speed  will  be  calculated  by  the  pro¬ 
gram  at  the  option  of  the  user.  The  library  engine  cycles  may 
thus  be  used  with  no  additional  input;  or,  by  appropriate 
additional  input,  may  be  made  to  include  the  effects  of  multi¬ 
ple  operating  restrictions  and  other  factors  characteristic  of 
real  engine  cycles. 

During  a  sizing  calculation,  the  engine  cycles  may  be  "scaled" 
or  fixed  in  size.  That  is,  if  the  user  desires,  the  program 
will  calculate  the  engine  size  required  to  meet  the  mission 
requirements;  or,  alternatively,  he  may  input  engines  of 
specified  size.  In  the  case  of  helicopters  employing  multiple 
propulsion  systems,  the  primary  system  may  be  sized  to  provide 
power  to  the  main  rotor (s)  for  producing  lift  and  part  of  the 
total  propulsive  thrust  required;  and  the  auxiliary  independ¬ 
ent  system  will  be  sized  to  provide  the  remaining  propulsive 
thrust  or  power. 
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Figure  2-1.  Typical  Helicopter  Geometry  'v.  Single  Rotor  Helicopter 
(Tail  Boom/Tail  Fin/Tail  Rotor  Geometry)  (Part  2  of  2) . 


Figure  2-2.  Typical  Helicopter  Geometry  ^  Tandem  Rotor  Helicopter 
(Rotor  Pylon  Geometry)  (Part  2  of  2) . 


TABLE  2-2.  TYPICAL  GEOMETRIC  CHARACTERISTICS 
TANDEM  ROTOR  HELICOPTERS 
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TABLE  2-3.  LIST  OP  ENGINE  CYCLES 


Primary  Propulsion 


Turboshaft 

Engine  press .  ratio 

Turb.  inlet  temp. 

Auxiliary  Independent  Propulsion 


Turboshaft 

Engine  press,  ratio 

Turb.  inlet  temp. 

Turbojet 

Engine  press,  ratio 
Turb.  inlet  temp. 
Turbo fan 

Engine  press,  ratio 

Turb .  inlet  temp . 
Fan  bypass  ratio 


1970 

Intermediate 

Advanced 

13,  16 

13,  16, 

13,  16, 

19 

19,  22 

2600°R 

2900°R 

3200*R 

13,  16 

13,  16, 

13,  16, 

19 

19,  22 

26008R 

2900°F 

3200°R 

13,  16 

13,  16, 

13,  16, 

19 

19,  22 

2600°F 

2900° 

3200#R 

16,  20 

16,  20, 

16,  20, 

24 

24,  28 

2600°R 

2900°R 

3200°R 

2,  4,  6 

2,  4,  6 

2,  4,.  6 

2.3  HELICOPTER  WEIGHT  SUMMARY 


A  detailed  helicopter  weight  summary  is  provided  by  the 
program  through  use  of  statistical  weight  trend  equations.  A 
description  of,  and  justification  for,  these  equations  is 
given  in  Section  4.11.  Three  major  categories  of  weights  are 
calculated:  the  propulsion  group,  the  structures  group,  and 
the  flight  controls  group. 


2.4  AERODYNAMIC  CHARACTERISTICS 

The  aerodynamic  data  which  are  calculated  by  the  program  are 
the  helicopter  drag  and  (in  the  case  of  winged  or  compound 
helicopters)  the  lift  curve  slope  of  the  wing  (used  for  cal¬ 
culations  of  the  gust  load  factor) .  Drag  data  may  be  input 
to  the  program  in  a  variety  of  forms  including  a  single  point 
value  of  flat  plate  area,  drag  trends,  or  by  a  detailed  drag 
summary.  Scaling  effects  on  drag  based  upon  Reynolds  number 
corrections  are  included.  Wing  spanwise  loading  efficiency 
(Oswald's  factor)  may  be  either  input  to  the  program  or  may 
be  program  calculated. 


2.5  ROTOR  CHARACTERISTICS 

Rotor  performance  may  be  calculated  either  by  the  short  form 
aerodynamic  performance  method  or  by  using  input  rotor  maps. 
The  short  form  method  employs  input  rotor  "cycles".  Correc¬ 
tions  for  the  specific  rotor  and  helicopter  configuration 
geometry, (e.g. ,  blade  twist,  number,  cut-out,  rotor  overlap, 
etc.)  being  analyzed  are  made  by  the  program.  Included  with 
the  program  is  a  brief  library  of  currently  available  "cycles" 
(Table  2-4  lists  their  pertinent  characteristics) . 

Two  types  of  rotor  maps,  differing  in  the  type  and  format  of 
the  input  data  required,  may  be  used.  These  are  designated  as 
Type  I  and  Type  II  rotor  maps  and  their  differences  are  noted 
in  Section  3.1.5.  The  Type  I  rotor  map  may  be  used  in  two 
ways.  In  the  first  case,  isolated  rotor  data  derived  for  a 
specific  rotor  configuration  is  input  and,  as  in  the  short 
form  method,  blade  and  configuration  geometry  corrections  are 
applied  by  the  program.  In  the  second  approach,  a  rotor  map 
generated  from  total  conf iguration  rotor  power  data  (e.g.  in 
the  case  of  a  single  rotor  helicopter,  this  would  be  the  sum 
of  main  and  tail  rotor  power)  is  input.  No  corrections  are 
applied.  Thus,  the  particular  blade  and  helicopter  configura¬ 
tion  geometry  inherent  in  the  data  from  which  the  map  is  gen¬ 
erated  is  reflected  unchanged  in  the  calculated  rotor  perform¬ 
ance.  The  Type  II  rotor  map  may  be  used,  however,  only  as 
outlined  in  the  first  approach  noted  above. 
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TABLE  2-4.  LIST  OF  ROTOR  CYCLES 
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3.1  GENERAL 


3 JO  PROGRAM  OPERATION 


3.1.1  The  Option  Indicator 

As  previously  described,  the  program  > '  *  two  major  options,  a 
third  which  is  a  combination  of  these  vO ,  and  a  fourth  option 
used  for  obtaining  aircraft  weight  only.  •  The  specific  option 
to  be  used  is  selected  by  means  of  an  input  "option  indicator" 
abbreviated  OPTIND. 

OPTIND  =  0 

This  is  an  iterative  routine  which  determines  only  the  aircraft 
weight,  dimensions,  and  power. 

OPTIND  *  1 


This  is  an  iterative  routine  which  determines  the  aircraft 
weight,  dimensions,  and  required  power  to  satisfy  a  prescribed 
mission  flight  profile.  In  addition  to  the  flight  profile, 
certain  characteristics  describing  the  type  of  aircraft  are 
specified,  such  as  the  wing  aspect  ratio,  thickness  ratio,  the 
wing  loading  or  disc  loading,  the  engine  cycle,  etc. 

OPTIND  =■  2  or  3 

These  options  are  used  to  calculate  the  flight  performance  of 
an  aircraft  for  which  the  size  is  fixed.  In  addition  to  the 
aircraft  characteristics  described  above,  the  power  available, 
aircraft  dimensions,  etc.  are  input  to  the  program.  A  flight 
profile  is  also  specified.  The  program  then  calculates  the 
performance  history  of  the  aircraft  for  the  specified  mission. 

If  OPTIND  »  2  is  selected,  the  aircraft  gross  weight  is  input 
and  the  fuel  required  to  fly  the  specified  mission  is  deter¬ 
mined.  This  option  is  useful  for  solving  many  different  per¬ 
formance  problems  where  it  is  desired  to  constrain  gross 
weight,  such  as  calculating  climb  performance,  cruise  perform¬ 
ance,  or  payload-range  capability. 

If  OPTIND  -  3  is  selected,  the  operating-weight-empty  is  input 
and  takeoff  gross  weight  and  required  fuel  load  is  determined. 
This  option  is  useful  for  calculating  various  overload  off- 
design  weights  and  for  determining  ferry  performance. 

Combined  Option 

This  option  permits  the  user  to  size  an  aircraft  for  a  "design- 
point"  mission  and  then  to  calculate  the  off -design-point 
performance  of  the  sized  aircraft  for  a  variety  of  additional 
missions.  Basically,  this  option  causes  the  program  to  run 
option  number  one  (OPTIND  *  1) ,  save  the  sizing  data  generated 
in  that  option,  and  then  input  this  information  into  the  per¬ 
formance  option  (OPTIND  *  2) . 


3.1.2  Description  of  Mission  Profile 

The  performance  calculation  subprogram  in  HESCOMP,  consisting 
of  nine  individual  subroutines,  permits  the  simulation  of  air¬ 
craft  performance  for  virtually  any  mission  flight  profile. 

A  typical  performance  analysis  is  made  up  of  a  series  of  ele¬ 
ments  which,  in  building  block  fashion,  allows  the  user  of  the 
program  to  perform  a  wide  variety  of  studies .  The  elements  of 
a  typical  performance  analysis  are: 

1.  Segment  -  A  segment  of  a  mission  profile  is  a  unique 
portion  of  the  mission  such  as  a  cruise  or  a  climb.  A 
segment  starts  with  a  set  of  initial  conditions  of  one 
or  more  of  the  variables  of  state  (altitude,  range, 
weight,  etc.)  and  ends  when  a  terminal  condition  (or 
conditions)  has  been  satisfied. 

2.  Hop  -  A  hop  is  defined  as  a  set  of  segments  ending  at 
some  logical  terminal  locations  (such  as  ground  level  at 
the  desired  range) .  Thus,  a  hop  might  consist  of  flying 
from  location  "A"  to  location  "B"  by  means  of  combining 
the  following  segments:  taxi,  takeoff,  climb,  cruise, 
descent,  landing,  and  taxi. 

3.  Leg  -  A  leg  of  a  mission  is  herein  defined  as  a  set  of 
hops  ending  in  a  re-fueling  of  the  aircraft.  Thus,  a  leg 
might  consist  of  flying  from  location  "A"  to  "B" ,  then  to 
"C",  at  which  point  the  aircraft  is  refueled. 

4.  Mission  -  A  mission  is  defined  in  this  program  as  a  set 
of:  legs  (or  hops  or  segments)  which  satisfy  some  specific 
operational  requirement.  In  this  program,  the  mission  is 
the  basic  element  for  which  the  aircraft  is  sized. 

5.  Case  -  A  case  is  a  consecutive  series  of  missions  for  the 
same  aircraft.  This  program  permits  the  user  to  analyze 
a  case  which  consists  of  a  mission  for  which  an  aircraft 
is  sized,  followed  by  a  different  mission  which  the  now- 
sized  aircraft  performs,  followed  by  yet  additional 
missions. 

The  performance  calculations  subprogram  consists  of  nine 
individual  performance  segments,  specified  by  means  of  an  in¬ 
put  indicator,  SGTIND.  The  segments  are  taxi  (SGTIND  *  1) , 
hover  (SGTIND  «  2),  climb  (SGTIND  *  3),  cruise  (SGTIND  «  4), 
descent  (SGTIND  *  5) ,  loiter  (SGTIND  *  6) ,  an  increment  in 
weight  of  fuel  (SGTIND  *  7)  or  payload  (SGTIND  -  8)  ,  a  transfer 
of  altitude  (SGTIND  ■  9) ,  and  general  performance  (SGTIND  ■  11) . 
The  end  of  the  mission  is  specified  by  an  input  SGTIND  »  0.  An 
array  of  segment  indicators  is  input  to  the  program  to  specify 
the  mission  being  studied.  Thus,  a  typical  array  might  be: 
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SGTIND  - 

1  •  2 , 3 , 4 1 5 1 2 , 1 , 1 , 2 , 3 , 4 , 3 , 4 ,  5 ,  2  # 7 , 2 , 3  *  4  , 5 , 4 , 5 , 6 , 2 , 1 , 0 , 


3? 


1  ^ 
Segments 

U  hop  #1  —»•* 


I 

-«c—  Ref  u 


hop  #2 


leg  #1 


Refueling 

hop  #3> 
leg  *2 


mission ~ 


At  the  end  of  any  leg,  the  sum  of  segment  fuel  required  to 
perform  that  leg  is  stored  in  the  computer.  At  the  end  of  the 
mission,  the  largest  of  these  stored  values  is  used  to  deter¬ 
mine  the  aircraft  sizing  requirements  when  OPTIND  =  1 .  An  end 
of  a  case  is  specified  by  an  input  SGTIND  =  100.  Since  an 
end-of-case  is  also  always  an  end-of-mission,  it  is  not  neces¬ 
sary  to  end  a  case  by  a  SGTIND  =  0  followed  by  SGTIND  =  100. 
SGTIND  *  100  always  takes  precedence  over  SGTIND  =  0.  The 
distinction  between  a  mission  and  a  case  is  most  useful  when 
it  is  desired  to  size  an  aircraft  for  a  specified  mission 
followed  by  analysis  of  the  off-design-point  performance  of 
the  "sized"  aircraft  on  other  missions.  As  an  example,  with 
SGTIND  *  1  (sizing  option)  the  following  array  of  SGTIND  might 
be  used: 

SGTIND  * 

1,  2,  -  -  -  0,  2,  -  -  -  -  0,  1,  -  -  -  0,  1,  -  -  -  -  100 

1st  mission  J  2nd  mission  |  3rd  mission  J  4th  mission 

. . . . Case  ■■  —  ■  - - - - 


The  program  will  size  the  aircraft  for  the  first  mission  and 
then  analyze  the  performance  of  the  "sized”  aircraft  for  the 
second,  third  and  fourth  missions.  Up  to  50  consecutive  seg¬ 
ments  may  be  included  in  a  single  case,  arranged  in  any  arbi¬ 
trary  series  of  hops,  legs,  and  missions.  Up  to  10  of  any 
specific  segments  may  be  included  in  any  case.  Thus,  a  case 
might  consist  of  several  missions,  each  mission  having  several 
different  cruise  segments. 

Each  segment  is  a  discrete  element  of  the  mission,  independent 
of  any  other  segment  with  the  exception  of  the  influence  on 
the  altitude,  range,  weight,  and  time.  That  is,  the  first 
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cruise  o£  a  case  might  be  at  cruise  power  at  standard  atmos¬ 
pheric  conditions  and  the  second  cruise  could  be  at  best 
specific  range  for  a  nonstandard  day. 


At  the  start  of  a  case,  the  user  inputs  values  for  initial 
conditions  of  altitude,  range,  weight,  and  time.  The  first 
segment  of  the  case  uses  these  values  as  initial  boundary  con¬ 
ditions  and  the  segment  ends  at  a  specified  terminal  condition. 
The  final  values  of  altitude,  range,  weight,  and  time  then  be¬ 
come,  in  turn,  the  initial  values  for  the  following  segment. 

The  final,  or  terminal,  condition  varies  depending  upon  the 
segment.  Terminal  conditions  for  each  segment,  input  by  the 
user ,  are : 

Taxi  -  increment  in  time 

Takeoff,  Hover,  and  Landing  -  increment  in  time 
Climb  -  altitude  at  end  of  climb 

Descent  -  altitude  at  bottom  of  descent  and,  for  certain 
options,  range  at  end  of  descent 

Loiter  -  increment  in  time 

Change  of  Fuel  Weight  -  increment  in  weight  and  increment  in 

time 

Change  of  Payload  Weight  -  increment  in  weight  and  increment 

in  time 

Transfer  Altitude  -  final  altitude 
General  Performance  -  increment  in  velocity 

Segments  2  through  6  (takeoff,  hover,  and  landing  through 
loiter)  and  segment  11  (general  performance)  require,  in  addi¬ 
tion  to  terminal  conditions  on  one  of  the  variables  of  state, 
an  input  value  for  the  step  size  to  be  used  in  the  calculations. 
The  step  size  specifies  both  the  increment  in  the  primary  vari¬ 
able  which  is  used  in  the  calculations  and  the  increment  be¬ 
tween  successive  printouts.  Printouts  occur  at  even  integral 
multiples  of  the  primary  variable.  Thus,  if  an  aircraft  is 
required  to  climb  from  a  starting  value  of  altitude  of  6300 
feet  to  a  final  value  of  29,500  feet,  and  the  step  size  is 
specified  as  1000  feet,  the  program  will  calculate  and  print 
at  6300  feet,  7000  feet,  8000  feet,  etc.  to  29,500  feet.  As 
the  step  size  is  decreased,  the  program  accuracy  improves,  but 
the  computing  time  lengthens. 

Atmospheric  conditions  may  vary  from  segment  to  segment.  For 
example,  the  first  segment,  a  climb,  may  be  for  a  standard 
atmosphere;  the  second  segment,  a  cruise,  may  use  a  constant 
increment  in  temperature  above  standard;  and  the  third  segment. 


another  climb/  may  use  a  nonstandard  temperature  versus 
altitude  table.  The  third  atmosphere  option  requires  a  tab¬ 
ular  input  of  temperature  ratio  versus  altitude.  Only  one 
nonstandard  tabular  atmosphere  may  be  used  in  a  single  case. 
Segments  1  through  6  (taxi  through  loiter)  may  be  used  to  sim¬ 
ulate  an  additional  requirement  for  reserve  fuel.  The  reserve 
fuel  calculated  in  this  manner  is  used  as  part  of  the  total 
fuel  required  to  size  the  aircraft.  However,  the  aircraft 
weight  is  not  reduced  by  the  amount  of  the  reserve  fuel.  This 
option  is  specified  by  inserting  a  value  of  10  x  SGTIND  for 
the  particular  mission  segment  indicator  where  reserve  fuel  is 
to  be  calculated.  For  example,  if  it  is  desired  to  calculate 
reserve  fuel  at  a  specified  cruise  condition,  SGTIND  -  40; 
i.e.,  (SGTIND  *  4)  x  10  is  input. 

3.1.3  Special  Flight  Path  Control  Option 

hopTlND  “  This  indicator  will  permit  the  user  to  fly  a  mission 

at  the  optimum  altitude  for  best  fuel  consumption.  The  pro¬ 
gram  will  automatically  determine  the  best  altitude  for  any 
cruise  segment  which  is  preceded  by  either  a  climb  segment  or 
a  transfer  of  altitude.  If  the  cruise  is  preceded  by  a  climb, 
the  program  will  determine  the  flight  altitude  which  minimizes 
the  sum  of  the  fuel  for  climb  and  cruise.  If  the  cruise  is 
preceded  by  a  transfer  altitude,  the  program  will  determine 
the  altitude  for  the  best  fuel  consumption  during  cruise  only. 

In  addition  to  specifying  that  optimum  altitude  flight  is  de¬ 
sired  during  the  mission,  the  user  may  specify  a  maximum 
altitude  permitted  for  each  cruise  segment.  This  is  specified 
by  means  of  the  hfiAX  input  for  the  preceding  climb  or  the 
hpiNAL  input  for  the  preceding  transfer  altitude.  The  maximum 
altitude  specification  is  useful  in  studying  missions  for 
which  some  of  the  cruise  segments  are  to  be  optimized  while 
other  cruise  segments  are  to  be  flown  at  known  altitude  such 
as  the  high- low- low-high  mission  shown  below  in  which  the  low 
altitude  segments  represent  sea  level  dashes.  For  this  mission 
the  user  specified  hp1NAL  *  0  for  the  transfer  altitude  segment 


CRUISE 


3.1.4  Propeller  Efficiency 

Propeller  efficiency  can  be  calculated  in  three  different  ways 
for  compound  and  auxiliary  propulsion  helicopters.  The  option 
chosen  is  specified  by  means  of  a  propulsive  efficiency  indi¬ 
cator,  npIND .  The  options  range  from  (a)  input  of  a  set  of 
point  values  of  efficiency  to  (b)  input  of  a  prop  map  table 
to  (c)  automatic  calculation  of  propeller  performance.  The 
option  chosen  will  depend  on  the  type  of  problem  being  studied 
as  each  of  the  means  of  calculating  prop  performance  has  fea¬ 
tures  which  may  be  desirable  under  certain  conditions.  These 
options  are  described  in  more  detail  in  Section  4.7. 

3.1.5  Rotor  Power  Required  Calculation 

The  method  most  likely  to  be  used,  and  certainly  the  most  con¬ 
venient,  from  the  point  of  view  of  inputs,  is  the  short  form 
aerodynamic  performance  method.  Rotor  blade  performance  data 
is  input  in  the  form  of  "cycles",  with  corrections  for  the 
specific  rotor  and  helicopter  configuration  under  study  being 
applied  by  the  program. 

Two  types  of  rotor  maps  may  be  input.  These  differ  in  the 
type  and  format  of  the  input  data  required.  The  Type  I  rotor 
map  requires  CpH/<r  as  a  function  of  Ct/o  and  MtIP  (hover  per¬ 
formance)  and  Cp/a  as  a  function  of  u.  Or  Vo,  and  C x/o  (cruise 
performance) .  The  Type  II  rotor  map  requires  F.M.  as  a  func¬ 
tion  of  Ct/ct  and  Mtip  (hover  performance)  and  rotor  L/De  as  a 
function  of  u,  Ct'/o,  and  X/L  (cruise  performance).  The 
Type  I  rotor  map  data  may  be  input  in  two  ways.  The  first 
utilizes  isolated  rotor  data  derived  for  a  specified  rotor 
configuration,  but  corrected  by  the  program  fur  the  specific 
rotor  and  helicopter  configurations  under  study.  The  second 
uses  total  configuration  rotor  data  (i.e.,  in  the  case  of  a 
single  rotor  helicopter,  this  would  include  both  main  and  tail 
rotor  power)  and  applies  no  corrections  to  the  data.  The 
Type  II  rotor  map  option  always  uses  isolated  rotor  data  de¬ 
rived  for  a  specified  rotor  configuration,  but  corrected  by 
the  program  for  the  specific  rotor  and  helicopter  configuration 
under  study. 

The  short  form  aerodynamic  performance  method,  and  the  Type  I 
(1st  version)  and  Type  II  rotor  map  options  are  suitable  for 
use  both  in  sizing  and  performance  only  calculations,  since 
corrections  for  variations  in  rotor  and  helicopter  configura¬ 
tions  are  applied.  The  Type  I  (2nd  version)  rotor  map  option, 
however,  must  be  restricted  to  use  only  in  non-sizing  applica¬ 
tions.  Possible  areas  of  use  could  be,  for  example,  the  case 
where  (a)  it  is  inconvenient  for  the  magnitude  of  the  particu¬ 
lar  application  to  generate  the  data  required  for  creating  a 
rotor  cycle  or  generalized  rotor  map,  or  (b)  in  calculating 
the  mission  performance  of  existing  helicopters  (e.g.  the 
HH-43B ,  WG-13 ,  UH-2,  etc.)  utilizing  rotor  maps  derived  from 
Flight  Handbooks,  etc. 
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3.2  PROGRAM  OPTIONS 

Flexibility  of  operation  and  generality  of  approach  have  been 
accomplished  by  use  of  many  optional  computation  paths.  The 
path  to  be  used  is  selected  by  the  user  through  use  of  a  series 
of  input  indicators.  Besides  the  option  indicator,  previously 
described,  the  program  indicators  fall  into  seven  categories: 
propulsion  indicators,  aerodynamics  indicators,  size  trends 
indicators,  mission  performance  indicators,  flight  path  control 
indicators,  an  atmosphere  indicator,  and  an  optional  print 
indicator.  The  indicators  and  their  use  are  described  below. 

A  summary  list  of  all  indicators  and  their  values  is  included 
in  Section  5.3.2. 


3.2.1  Propulsion  Indicators 


AIPIND  -  Indicator  which  differentiates  between  compounds  with 
an<i  without  auxiliary  independent  engines.  AIPIND  1  denotes 
a  compound  helicopter  having  a  single  set  of  engines  connected 
both  to  the  main  rotor  and  auxiliary  propulsion  systems. 

AIPIND  *  2  indicates  a  compound  helicopter  with  independent 
engines  for  auxiliary  propulsion. 


ENGIND  -  Two  different  classes  of  cruise  engines  are  included 
in  the  program.  They  are  "horsepower  producing"  engines  and 
"thrust  producing"  engines.  The  horsepower  producing  engines 
which  are  included  in  the  standard  engine  library  are  turbo¬ 
shaft  engine  cycles.  The  thurst  producing  engines  in  the 
engine  library  are  either  turbojet  or  turbofan  engines.  If 
ENGIND  **  0,  a  power  producing  cycle  is  selected.  If  ENGIND  * 
1,  a  thrust  producing  cycle  is  selected. 


ESCIND  -  The  program  permits  the  user  to  size  the  primary 
engines  either  for  takeoff  conditions  only  or  for  the  more 
critical  choice  of  takeoff  or  cruise.  This  is  specified  by 
means  of  the  engine  sizing  indicator,  ESCIND.  If  ESCIND  *  1, 
the  program  will  size  the  engines  for  takeoff  conditions  only. 
If  ESCIND  *  2,  the  program  will  size  the  engines  for  takeoff, 
then  cross-cneck  the  engine  size  required  for  cruise  condi¬ 
tions,  and  pick  the  more  critical  of  the  two  conditions. 


FIXIND  -  Engines  selected  for  aircraft  being  studied  in  the 
program  may  be  either  "fixed"  in  size  or  "rubberized.”  If  the 
engines  are  "rubberized,"  the  engine  sizing  subroutine  calcu¬ 
lates  the  maximum  power  or  thrust  of  the  engines  required  to 
satisfy  certain  specified  criteria.  If  the  engines  are  fixed 
in  size,  the  user  inputs  the  level  of  maximum  power  or  thrust 
for  the  engines  and  the  engine  sizing  subroutine  is  bypassed. 
The  user  specifies  the  option  of  calculation  by  means  of  the 
input  indicator,  FIXIND.  If  FIXIND  ■  0,  the  engines  are  fixed 
in  size.  If  FIXIND  »  1,  the  engine  sizing  subroutine  is  used 
to  calculate  the  size  of  the  "rubberized"  engines. 
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FIXINDI  -  FIXINDI  serves  the  same  function  for  the  auxiliary 
independent  engines  that  FIXIND  does  for  the  primary  engines. 

POWXND  -  This  indicator  specifies  the  limiting  power  setting 
to  be  used  in  climb,  cruise,  and  for  engine  sizing  at  cruise 
conditions:  maximum  (POWIND  *  0) ,  military  (POWIND  *  1) ,  and 
normal  (POWIND  »  2) .  A  separate  value  of  this  indicator  is 
input  with  each  climb  and  cruise  and  for  engine  sizing. 


WDTIND,  QIND,  N1IND,  N19IND,  N2IND  -  These  indicators  specify 
to  the  program  that  the  primary  engine  performance  is  re¬ 
stricted  by  a  maximum  level  of  fuel  flow,  torque,  gas  generator 
shaft  rpm,  gas  generator  referred  shaft  rpm,  or  power  turbine 
(output)  shaft  rpm.  An  input  zero  value  for  these  indicators 
will  permit  operation  restricted  only  by  power  setting  (turbine 
temperature)  limits.  A  unity  input  for  any  of  the  indicators 
will  cause  the  engine  operation  to  also  be  restricted  by  a 
maximum  level  of  the  appropriate  variable.  More  than  one  of 
these  indicators  may  be  set  to  unity  at  the  same  time,  thus 
simulating  performance  of  an  engine  operating  with  multiple 
restrictions.  N2IND  has  a  third  possible  value  which  the  user 
may  input  for  turboshaft  engines,  N2IND  *  2.  This  input 
specifies  that  the  engine  is  operating  at  a  known  discrete 
value  of  output  shaft  speed  (in  general,  not  the  optimum 
value) .  If  this  option  is  used,  the  user  inputs  the  level  of 
Nji  for  each  flight  segment,  and  the  program  will  calculate 
the  effect  on  engine  performance. 

WDTINDI,  QINDI,  NlINDI,  N18INDI,  N2INDI  -  These  indicators 
specify  to  the  program  that  the  auxiliary  independent  engine 
performance  is  restricted  by  a  maximum  level  of  fuel  flow, 
torque,  gas  generator  shaft  rpm,  or  power  turbine  (output) 
shaft  rpm.  An  input  zero  value  for  these  indicators  will  per¬ 
mit  operation  restricted  only  by  power  setting  (turbine  tem¬ 
perature)  limits.  A  unity  input  for  any  of  the  indicators 
will  cause  the  engine  operation  to  also  be  restricted  by  a 
maximum  level  of  the  appropriate  variable.  More  than  one  of 
these  indicators  may  be  set  to  unity  at  the  same  time,  thus 
simulating  performance  of  an  engine  operating  with  multiple 
restrictions .  N2INDI  has  a  third  possible  value  which  the 
user  may  input  for  turboshaft  engines,  N2INDI  »  2.  This  input 
specifies  that  the  engine  is  operating  at  a  known  discrete 
value  of  output  shaft  speed  (in  general,  not  the  optimum 
value) .  If  this  option  is  used,  the  user  inputs  the  level  of 
Njj  for  each  flight  segment,  and  the  program  will  calculate 
the  effect  on  engine  performance. 


3-8 


RNOIND  -  The  performance  of  real  engines  is  sensitive  to 
scaling  effects.  That  is,  doubling  the  maximum  static  power 
of  the  engine  at  sea  level  for  standard  atmospheric  conditions 
by  increasing  the  physical  size  of  the  engine  will  not  cause  a 
corresponding  doubling  of  the  power  at  other  operating  condi¬ 
tions.  This  nonlinear  behavior  is  due  to  the  influence  of 
variations  in  the  Reynolds  number  at  the  compressor  inlet. 
RNOIND  permits  these  effects  to  be  accounted  for  on  turboshaft 
engines  through  use  of  an  input  table  of  a  correction  factor 
on  power  available.  If  the  indicator  is  set  to  unity,  the 
tabulated  correction  factor  may  be  input  and  will  be  used  by 
the  program  to  account  for  scaling  effects.  A  zero  input  for 
the  indicator  will  cause  the  program  to  assume  that  perfect 
scaling  occurs. 

RNOINDI  -  This  indicator  serves  the  same  purpose  for  the 
auxiliary  independent  engines  as  RNOINDI  serves  for  the 
primary  engines. 

ROTIND  -  controls  the  selection  of  the  rotor  performance  com¬ 
putation  method.  In  addition  to  the  short  form  aerodynamic 
performance  method,  rotor  performance  may  be  calculated  with 
the  use  of  two  alternate  forms  of  rotor  map.  The  Type  I  rotor 
map  (input  locations  2700+3410)  requires  Cpa/a  as  a  function 
of  Ct/<*  and  Mtip  (hover  performance)  and  Cp/a  as  a  function  of 
Ur  Ci' /a,  and  Cx/o  (cruise  performance).  The  Type  II  rotor 
map  (input  locations  3420+4130)  requires  F.M.  as  a  function  of 
Ct/o  and  M<rip  (hover  performance)  and  rotor  L/De  as  a  function 
of  y,  CtV<J»  and  X/L  (cruise  performance)  .  If  ROTIND  *  1, 
rotor  performance  is  calculated  by  the  short  form  aerodynamic 
performance  method  (requiring  the  input  of  a  rotor  "cycle") . 

If  ROTIND  ■  2,  a  Type  I  rotor  map  is  input  with  corrections 
being  applied  by  the  program  for  the  specific  rotor  and  heli¬ 
copter  configuration  geometry  being  studied.  If  ROTIND  *  3,  a 
Type  I  rotor  map  is  input,  with  no  corrections  being  applied. 
If  ROTIND  »  4,  a  Type  II  rotor  map  is  input  with  corrections 
being  applied  by  the  program  for  the  specific  rotor  and  heli¬ 
copter  configuration  geometry  being  studies.  The  program  ac¬ 
cepts  the  VTIp  schedule  and  the  TAUX/T  schedule.  However, 
TAUX/T  *  2,666  cannot  be  used  with  this  option.  If  ROTIND  ■ 

5,  a  Type  II  rotor  map  is  input  similar  to  ROTIND  *  4.  The 
program  accepts  the  V_Ip  schedule  and  all  modes  of  the  TAUX/T 
schedule.  In  this  option,  the  rotor  is  operated  at  maximum 
L/DE  with  TAUX/T  as  output.  If  ROTIND  *  6,  a  Type  II  rotor 
map  is  input  similar  to  ROTIND  ■  4  or  5.  The  program  accepts 
the  V_Ip  schedule  and  all  modes  of  the  TAUX/T  schedule,  fn 
this  option,  the  rotor  is  operated  at  maximum  configuration 
L/DE  with  TAUX/T  as  output. 

npIND  -  This  indicator  permits  the  user  to  select  one  of  three 
different  methods  for  predicting  propeller  performance  for 
compound  and  auxiliary  propulsion  helicopters.  If  npIND  «  0, 
the  user  can  specify  a  set  of  point  value  efficiencies  for 
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each  climb  and  descent  and  a  table  of  efficiency  versus  Mach 
number  for  cruise  and  loiter.  An  input  of  ripIND  ■  1  will 
permit  the  user  to  load  in  a  propeller  performance  map  to  be 
used  during  climb ,  cruise,  and  loiter  while  an  input  of 
HpIND  *  2  will  permit  use  of  an  automatic  subroutine  within 
the  program  for  calculating  prop  performance.  It  is  antici¬ 
pated  that_this  latter  option  will  be  used  for  the  majority 
of- sizing  and  performance  studies.  "The  input  prop  map  option 
will  typically  be  used  in  cases  where  detailed  test  data  is 
available  on  prop  performance  and  it  is  desired  to  closely 
represent  a  specific  propeller.  The  first  option,  permitting 
input  of  point  values,  is  most  useful  for  sensitivity  studies 
or  where  propeller  choice  has  not  yet  been  made  and  only 
representative  values  of  efficiency  are  desired.  A  more  de¬ 
tailed,  discussion  of  these  options  is  contained  in  Section  4.7. 

3.2.2  Aerodynamics  Indicators 

DRGIND  -  The  method  of  determining  the  total  parasite  drag  of. 
the  hel icop ter  is  specified  to  the  program  by  means  of  the 
indicator  DRGIND .  If  DRGIND  ■  1,  configuration  parasite  drag 
is  built  up  in  component  fashion,  with  Reynolds  number  scaling. 
If  DRGIND  *  2,  the  parasite  drag  is  calculated  from  a  parasite 
drag  trend  derived  from  the  inputs  (GW/Fe)  and  KFED. 

OSWIND  -  The  span  loading  efficiency  factor  (Oswald's  effi¬ 
ciency  factor)  may  be  calculated  by  the  program  from  an 
approximate  relationship  as  a  function  of  wing  aspect  ratio. 

If  the  user  prefers,  he  may  input  a  fixed  value  of  the  effi¬ 
ciency  factor  to  the  program.  An  input  of  OSWIND  ■  0  permits 
the  user  to  input  a  fixed  value  for  efficiency.  An  input  of 
OSWIND  »  1  will  cause  the  program  to  use  the  approximate 
equation  to  calculate  the  value  for  efficiency. 

3.2.3  Size  Trends  Indicators 

APHIND  -  The  aft  rotor  pylon  height  of  a  tandem  rotor  heli¬ 
copter  is  specified  by  use  of  this  indicator.  If  APHIND  *  1, 
aft  pylon  height  is  input  directly  in  feet.  If  APHIND  »  2, 
the  tandem  rotor  gap/stagger  (g/s)  ratio  is  input  and  aft 
pylon  height  is  sized  accordingly. 

AUXIND  -  Four  versions  of  both  the  single  and  tandem  rotor 
helicopter  may  be  specified  through  this  indicator.  They  are: 
a  pure  helicopter  (AUXIND  *  1) ,  a  winged  helicopter  only 
(AUXIND  ■  2) ,  an  auxiliary  propulsion  helicopter,  only 
(AUXIND  ■  3) ,  and  a  compound  (wings  and  auxiliary  propulsion) 
helicopter  (AUXIND  *  4) . 

bylND  -  For  a  configuration  having  wings,  this  option  deter- 
m  17151  the  manner  in  which  wing  span  is  calculated  during  the 
sizing  process.  If  bvIND  *  1,  wing  span/rotor  diameter  ratio 
(by/D)  is  input.  If  bwIND  *  2,  wing  aspect  ratio  (AR)  is 
input.  If  bwIND  *  3  (used  when  dealing  with  wing-mounted 
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propellers)  wing  span  is  determined  from  propeller  tip/ 
fuselage  clearance  considerations. 

CNFIND  -  This  indicator  specifies  the  helicopter  configuration 
to  be  analyzed.  These  are:  the  single  rotor  helicopter 
(CNFIND  ■  1)  and  the  tandem  rotor  helicopter  (CNFIND  *  2) . 


FDMIND  -  Determines  the  manner  is  which  a  tandem  rotor  heli¬ 
copter  fuselage  is  sized.  If  FDMIND  ■  1,  tandem  rotor  overlap 
((0/L)/D)and  forward  and  aft  rotor  positions  (AXi/lp,  AX2/1t) 
are  specified.  If  FDMIND  ■  2,  overlap  and  cabin  length  (lc) 
are  input.  If  FDMIND  *  3,  cabin  length  and  forward  and  aft 
rotor  positions  are  input. 

HTIEP  -  Permits  the  user  to  input  fixed-size  horizontal  tail 
surfaces  to  the  program  or,  optionally,  to  have  the  program 
calculate  the  tail  surface  size  based  upon  an  input  tail 
"volume”  coefficient.  If  HTIND  *  0,  the  program  will  assume 
no  horizontal  tail  exists.  If  HTIND  *  1,  the  tail  area  may 
be  input  directly.  If  HTIND  ■  2,  the  program  will  calculate 
the  size  based  upon  a  tail  "volume"  coefficient. 

MRPIND  -  Specifies  the  placement  of  the  main  rotor  of  a  single 
rotor  helicopter  on  its  fuselage.  If  MRPIND  *  0,  the  user 
inputs  directly  the  main  rotor  position  (aft  of  the  nose)  as 
a  fraction  of  body  length  (%/1b)  •  If  MRPIND  -  1,  the  program 
does  a  simple  mass  balance  calculation  and  determines  the 
rotor  position  relative  to  the  aircraft  eg.  If  MRPIND  ■  2, 
the  same  procedure  is  carried  out  as  with  MRPIND  *  1  with  the 
exception  that  the  program  assumes  the  auxiliary  drive  system, 
propeller,  and  auxiliary  independent  engines  (if  any)  to  be 
located  on  the  wing. 

RDMIND  -  Specifies  manner  in  which  main  rotor  is  sized.  If 
RDMIND  *  1,  main  rotor  diameter  and  solidity  are  input  di¬ 
rectly.  If  RDMIND  *  2,  disc  loading  and  solidity  are  input, 
diameter  is  calculated.  If  RDMIND  -  3,  diameter  and  C«p/a  are 
input,  solidity  is  calculated.  If  RDMIND  *  4,  disc  loading 
and  Gp/a  are  input  and  both  diameter  and  solidity  are 
calculated. 

SWIND  -  Specifies  options  available  for  wing  sizing.  These 
"SFS i  wing  area  input  directly  (SWIND  *  1) ,  wing  area  sized 
based  on  an  input  wing  loading  (SWIND  ■  2) ,  and  wing  area 
sized  by  rotor/wing  maneuver  requirements  (SWIND  ■  3) . 


TRDIND  -  Determines  manner  in  which  tail  rotor  diameter  is 
sized.  If  TRDIND  «  0,  the  helicopter  is  sized  without  a  tail 
rotor  (Note:  this  indicator  is  only  used  in  conjunction  with 
CNFIND  *  1.0) .  If  TRDIND  ■  1,  tail  rotor  diameter  is  calcu¬ 
lated  from  a  trend  of  Dmr/D*tr  contained  in  the  program.  If 
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TRDIND  »  2,  tail  rotor  diameter  is  input  directly.  If  TRDIND 
■  3,  a  value  of  net  tail  rotor  disc  loading,  (T/A)nET»  is  in¬ 
put  and  tail  rotor  diameter  is  determined  through  an  iterative 
procedure . 

TRSIND  -  Tail  rotor  solidity  sizing  indicator.  If  TRSIND  *  1, 
tail  rotor  solidity -is  input  directly.  If  TRSIND  - 2,  C^/a  is 
input  and  tail  rotor  solidity  is  sized  based  on  either  hover- 
antitorque  or  hovering  turn  requirements. 

VTFIND  -  Vertical  tail  area  sizing  indicator.  If  VTFIND  *  1, 
vertical  tail  size  is  based  on  input  values  of  aspect  ratio 
(ARvt)  and  tail  fin/ tail  rotor  overlap  (hvT) •  If  VTFIND  *  2 , 
tail  fin/tail  rotor  overlap  and  directional  stability  require¬ 
ments,  (sufficient  tail  area  to  counteract  main  rotor  torque 
in  cruise  flight,  if  tail  rotor  is  lost) ,  dictate  vertical 
tail  area.  If  VTFIND  *  3,  the  same  requirements  must  be  met 
as  with  VTFIND  *  2,  with  the  exceptions  that  ARvt  is  specified 
and  tail  fin  overlap  is  calculated  along  with  vertical  tail 
area. 

XMSNIND  -  Indicator  that  controls  drive  system  transmission 
sizing.  When  XMSNIND  -  0.0  or  1.0  and  ESCIND  (LOC  0022)  *  2.0, 
the  transmission  can  be  rated  at  cruise  RPM  input  LOC  (0238) . 

If  XMSNIND  =  0,  main,  tail  and  auxiliary  drive  system  ratings 
are  specified  as  a  fraction  of  primary  engine  installed  power 
(in  the  case  of  a  compound  helicopter  with  auxiliary  indepen¬ 
dent  drive  system  rating  is  specified  as  a  fraction  of  the 
auxiliary  independent  engine  installed  power) . 

XMSNIND  -  indicator  that  controls  drive  system  transmission 
sizing.  If  XMSNIND  *  0,  main,  tail  and  auxiliary  drive  system 
ratings  are  specified  as  a  fraction  of  primary  engine  in¬ 
stalled  power  (in  the  case  of  a  compound  helicopter  with  aux¬ 
iliary  independent  propulsion,  the  auxiliary  independent  drive 
system  rating  is  specified  as  a  fraction  of  the  auxiliary  in¬ 
dependent  engine  installed  power) . 

If  XMSNIND  *  1,  the  drive  system  ratings  calculated  are  equal 
to  the  product  of  the  applicable  multiplicative  factors 
(SHPjjmj/SHP*fm,  SHPTRx/SHPTRp*,SHPAUX/SHP^ux)  and  the  component 
(main , tail,  and  auxiliary)  power  obtained  from  the  propor¬ 
tional  split  (based  on  power  required)  of  the  total  sea  level 
standard  maximum  (installed)  engine  power. 

If  XMSNIND  •  2,  main,  tail,  and  auxiliary  drive  system  ratings 
are  specified  at  a  fraction  of  the  power  required  to  hover  or 
cruise  at  design  conditions  (more  critical  of  the  two  condi¬ 
tions  is  selected)  . 

If  XMSNIND  *  3,  the  same  applies  as  in  the  case  where  XMSNIND 
*  2,  except  the  most  critical  of  the  two  design  conditions  is 


compared  to  the  drive  system  rating  required  at  an  alternate 
pay load/ gross  weight  hover  at  the  design  point  conditions. 

The  most  critical  of  these  three  conditions  is  selected. 

If  XMSNIND  ■  4,  the  same  applies  as  in  the  case  where  XMSNIND 
»  2,  except  that  the  tail  rotor  drive  system  rating  is  selec¬ 
ted  independently  of  the  main' rotor  drive  system  to  match  a 
specified  fraction  of  power  required  to  hover  or  cruise  at 
design  conditions  (more  critical  of  the  two  conditions  is 
selected) . 

If  XMSNIND  *  5,  the  same  applies  as  in  the  case  where  XMSNIND 
=  3,  except  that  the  tail  rotor  drive  system  rating  is  selec¬ 
ted  independently  of  the  main  rotor  drive  system  (as  when 
XMSNIND  ■  4) ,  and  the  most  critical  of  the  two  design  condi¬ 
tions  is  compared  to  the  tail  rotor  drive  system  rating  re¬ 
quired  at  an  alternate  payload/gross  weight  hover  at  the 
design  point  conditions,  the  most  critical  of  these  three  con¬ 
ditions  being  selected. 

3.2.4  Mission  Performance  Indicators 

CLMIND  -  Four  types  of  climb  calculations  are  permitted:  maxi¬ 
mum  rate  of  climb  (CLMIND  *  1) ,  constant  equivalent  airspeed 
(CLMIND  *  2)  ,  constant  Mach  number  (CLMIND  *  3) ,  and  constant 
true  airspeed  (CLMIND  »  4).  V- 

CRSIND  -  Six  types  of  cruise  missions  are  included  in  the  pro¬ 
gram:  cruise  at  fixed  cruise  power  (CRSIND  »  1) ,  cruise  at  con¬ 
stant  true  airspeed  (CRSIND  *  2) ,  cruise  at  airspeed  for  best 
specific  range,  (CRSIND  -  3) ,  cruise  at  the  speed  for  99%  of 
best  specific  range  (CRSIND  =  4),  cruise-climb  (constant  W/6) 
at  the  speed  for  best  specific  range  (CRSIND  =  5) ,  or  cruise- 
climb  at  the  speed  for  99%  of  best  specific  range  (CRSIND  *  6) . 

DESIND  -  Twelve  different  descent  paths  may  be  calculated  by 
the  program.  They  are  of  three  major  types:  descent  at  con¬ 
stant  true  airspeed  (TAS)  (DESIND  *  1) ,  descent  at  constant 
Mach  number  (DESCIND  ■  3) .  Four  variations  of  each  of  these 
major  types  of  descent  are  specified  by  RMAXND.  It  should  be 
noted  that  there  are  no  idle  power  or  autorotative  descent 
options  available.  However,  depending  on  the  descent  flight 
conditions  specified,  it  is  possible  to  operate  on  an  auto¬ 
rotative  descent  boundary  (see  Section  4.12.5)  during  a  descent. 

RMAXND  -  Used  in  conjunction  with  DESIND  to  specify  types  of 
descent.  If  RMAXND  ■  0,  the  descent  flight  path  ends  at  a 
specified  terminal  range  (cruise  segment  must  be  input  previous 
to  descent).  If  RMAXND  *1,  the  program  checks  the  specified 
terminal  range,  and,  if  the  predicted  flight  path  will  end 
beyond  the  specified  terminal  range  value,  a  spiral  descent 
path  is  assumed  at  that  point;  if  the  predicted  flight  path  ends 
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before  reaching  the  specified  terminal  range  point ,  the  program 
prints  "SHALLOWER  DESCENT  REQUIRED".  If  RMAXND  *  2,  the 
descent  ends  at  a  specified  minimum  altitude,  terminal  range 
requirement  not  considered.  If  RMAXND  =  3,  the  fuel  used  and 
time  required  for  descent  are  calculated  but  no  range  credit 
given  (due.,  spiral  descent  path). 

•  c 

SGTIND  -  The  mission  profile  flown  by  the  aircraft  may  be  made 
up  o t  an  arbitrary  sequencing  of  nine  discrete  profile  seg¬ 
ments.  The  segment  selected  is  specified  by  means  of  the  seg¬ 
ment  indicator,  SGTIND.  The  segments  are:  taxi  (SGTIND  *  1), 
takeoff,  hover  and  landing  (SGTIND  =  2),  climb  (SGTIND  *  3), 
cruise  (SGTIND  *  4) ,  descent  (SGTIND  *  5)  loiter  (SGTIND  »  6) , 
a  change  of  fuel  weight  (SGTIND  =  7)  ,  a  change  of  payload 
weight  (SGTIND  =  8) ,  a  transfer  of  altitude  (SGTIND  *  9)  and 
a  general  performance  (SGTIND  =11.)  By  appropriate  sequencing 
of  the  input  values  for  the  segment  indicator,  the  mission 
profile  may  be  made  up  of  any  arbitrary  combination  of  these 
nine  discrete  elements.  The  mission  is  terminated  by  an  input 
value  for  segment  indicator  =  0.  NOTE:  Segments  1  through  6 

can  be  used  for  reserve  fuel  calculations  (gross  weight  reset 
following  segment)  by  inputing  10  times  SGTIND,  i.e.,  SGTIND  = 
10,  20,  30,  40,  50,  or  60. 

TQLIND  -  The  indicator  TOLIND  is  input  with  each  takeoff, 
hover ,  and  landing  segment  and  dictates  the  manner  in  which 
power  is-  calculated.  If  TOLIND  =1,  the  user  inputs  required 
thrust- to- weight  ratio  and  vertical  rate  of  climb  (Vr/c) .  If 
TOLIND  »  2 ,  the  user  inputs  required  fractions  of  maximum  power 
and  vertical  rate  of  climb  (T/W  ratio  is  computed) .  Both 
TOLIND  =  1  and  2  options  are  calculated,  based  on  the  assump¬ 
tions  of  hover-out-of-ground  effect.  If  TOLIND  *3,  the  option 
is  the  same  as  1,  but  the  analysis  includes  hover -in— ground 
effect  factors.  If  TOLIND®  4,  the  option  is  the  same  as  2, 
but  the  analysis  includes  hover -in-ground  effect  factors. 

WGTIND  -  The  change  fuel  and  change  payload  segments  may  be 
used  to  simulate  refueling,  unloading  or  loading  of  passengers, 
or  a  fuel  drop.  There  is  no  restriction  on  the  amount  of  fuel 
or  payload  which  may  be  removed  at  any  point  in  the  mission. 
However,  during  a  sizing  run,  it  would  be  undesirable  to  in¬ 
crease  the  aircraft  weight  (by  adding  fuel  or  payload)  to  a 
value  which  exceeds  the  initial  gross  weight  of  the  aircraft. 
This  is  because  the  design  gross  weight,  upon  which  the  sub¬ 
system  weights  depend,  is  assumed  to  be  the  same  as  the  initial 
^roes  weight  at  the  start  of  the  mission.  During  a  performance 
run  (OPTIND  =2) ,  this  restriction  does  not  apply  and  the  user 
is  given  the  option  of  overloading  the  aircraft  at  any  point  of 
the  mission.  If  WGTIND  =0,  the  program  will  not  permit  the 
maximum  weight  to  exceed  the  design  gross  weight.  This  is  use¬ 
ful  if  it  is  desired  to  refuel  to  capacity  at  some  point  in  the 
mission.  If  WGTIND  =1  (and  if  the  performance  option  is  being 
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run) ,  the  program  will  permit  the  aircraft  weight  to  exceed  the 
design  gross  weight.  This  is  useful  for  parametric  performance 
studies.  For  example,  the  user  can  specify  an  array  of  SGTIND  * 
7,  4,  0,  7,  4,  0,  7,  4,  0,  up  to  7,  4,  100.  When  this  is  done, 
the  program  will  calculate  the  performance  in  cruise  at  a  series 
of  different  aircraft  weights.  The  "7"  segment  is  used  to  in¬ 
crement  the  design  gross  weight  to  any  value  of  weight  desired 
for  the  following  cruise. 


3.2.5  Flight  Path  Control  Indicators 

hppTlND  -  By  inputting  hopTlND  a 1 .0 ,  the  program  will  auto¬ 
matically  determine  the  cruise  altitude  for  minimum  fuel  con¬ 
sumption  for  any  cruise  which  is  preceded  by  a  climb  or  a 
transfer  altitude.  For  cruise  segments  which  are  preceded  by 
a  climb,  the  program  will  find  the  cruise  altitude  for  which 
the  sum  of  climb  fuel  and  cruise  fuel  is  minimized.  The  user 
can  also  specify  a  maximum  permissible  altitude  for  each  cruise 
segment.  If  hopTlND  *  0  is  input,  the  program  will  not  do  an 
optimum  altitude  search  for  the  cruise  segments. 

3.2.6  Atmosphere  Indicator 

ATMIND  -  The  atmosphere  for  each  individual  mission  profile 
segment  and  for  the  engine  sizing  calculations  may  be  either  a 
standard  or  nonstandard  atmosphere .  Thus ,  the  climb  may  be  run 
on  a  nonstandard  atmosphere  followed  by  a  cruise  for  standard 
day  conditions.  Three  options,  one  for  standard  atmosphere, 
the  other  two  for  a  nonstandard  atmosphere  are  available.  For 
the  performance  calculations,  the  type  of  atmosphere  to  be  • 
used  is  specified  to  the  program  by  means  of  the  atmosphere 
indicator,  ATMIND.  If  ATMIND  *  0,  the  program  will  use  a 
standard  atmosphere.  ATMIND  *  1  specifies  a  nonstandard,  con¬ 
stant  increment  in  temperature  above  standard  while  ATMIND  »  2 
specifies  a  nonstandard  atmosphere  requiring  a  tabular  input 
of  temperature  ratio  versus  altitude. 

3.2.7  Optional  Print  Indicator 

Two  different  forms  of  printout  are  available  for  the  mission 
performance  data.  By  setting  OPTIONAL  PRINT  INDICATOR  *  0,  a 
standard  printout  will  occur.  This  consists  of  time,  range, 
fuel  used,  aircraft  weight,  pressure  altitude,  true  airspeed, 
primary  engine  turbine  temperature,  an  engine  code  which 
specifies  the  condition  which  is  dictating  the  primary  engine 
operating  point,  and  a  power  fraction  which  is  the  instanta¬ 
neous  fraction  of  maximum  power  which  is  being  used.  These 
data  are  printed  for  all  performance  segments.  In  addition, 
depending  upon  which  segment  is  being  used,  the  standard 
printout  will  include  such  parameters  as  rate  of  climb, 
equivalent  airspeed,  specific  range,  flight  path  angle,  etc. 
More  detailed  data  may  be  obtained  by  setting  the  OPTIONAL 
PRINT  INDICATOR  -  1.0.  The  data  printed  will  then  include 
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main  rotor  power  and  tip  speed,  tail  rotor  power  and  tip 
speed,  auxiliary  propulsion  power  and  propeller  tip  speed, 
primary  and  auxiliary  engine  fuel  flows,  etc.  The  printout 
available  from  the  program  is  described  in  more  detail  in 
Section  6.1.4. 


PROGRAM  FLOW 


Figure  3-1  indicates,  conceptually,  the  operation  of  the 
program.  Program  flow  is  monitored  by  a  general  control  loop 
which  controls  the  operation  of  a  series  of  peripheral  pro¬ 
grams.  These  include  eighteen  minor  subroutines,  four  major 
subroutines,  a  major  subprogram,  and  a  library  of  engine  cycle 
data,  and  rotor  "cycle"  data.  The  characteristics  of  these 
routines  are  summarized  in  Table  3-1. 


INPUT 

DATA 


f  TYP 
i  GW, 
l  MSN 


TYPICAL  INPUTS 
GW,  W/A,  PAYLOAD, 
MSN  PROFILE,  ETC. 


ENGINE 

DATA 
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POWREQ  Same  as  POWAVL  Calculates  fuel  flow  for  primary  turboshaft 

engines  when  power  required  is  less  than  power 
available. 
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PRINT  1  and  PRINT  2  Main  subroutine  Controls  printout  of  data  generated  in 

when  OPTIND  =  1.0 
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3.4  SUBROUTINE  CROSS  REFERENCE 

The  following  is  a  list  of  called  subroutines  by  a  specific 
subroutine . 


MAIN: 


calls : 


SIZTR 

AERO 

ENGSZ 

ATMOS 

ROTPOW 

WGHTR 

PRFRM 

AERO 

does 

not 

call 

any  other 

subroutine 

ATMOS 

does 

not 

call 

any  other 

subroutine 

CHGRW 

does 

not 

call 

any  other 

subroutine 

CHGPL 

does 

not 

call 

any  other 

subroutine 

CLIMB 

calls:  ATMOS 

DRAG 


ROTPOW  THRUST  THRAVL 

POWER  POWAVI  CRUS  1,  2,  3 


CRUS  1 


calls: 


ATMOS 

DRAG 

POWAVL 


ROTLIM 

ROTPOW 

POWREQ 


POWER 

POWAVL 

THRAVL 


THRREQ 

POWERI 

POWAVI 

SCRIBE 


CRUS  2 


calls : 


ATMOS 

DRAG 

ROTLIM 


ROTPOW 

POWER 

POWAVL 


POWERI 

POWAVI 

POWRQI 


THRUST 

THRAVL 

THRREQ 


POWREQ 
SCRIBE 
CRUS  i 


CRUS  3 


calls: 


ATMOS 

DRAG 

ROTLIM 


ROTPOW 

POWER 

POWAVL 


POWREQ 

POWERI 

POWAVI 


POWRQI 

THRREQ 

SCRIBE 


DESPOW 


does  not  call  any  other  subroutine 


DRAG 


does  not  call  any  other  subroutine 


DSCNT 

calls : 

ATMOS 

DESPOW 

POWAVI 

POWRQI 

THRAVL 

THRREQ 

POWAVL 

POWREQ 

ENGS  2 

calls: 

ROTPOW 

POWAVL 

POWAVI 

ATMOS 

DRAG 

THRUST 

THRAVL 

ENG  1 

does 

not  call 

any  other 

subroutine 

ENG  1  I 

does 

not  call 

any  other 

subroutine 

- 

FORMS 

does 

not  call 

any  other 

subroutine 

LOADER 

does 

not  call 

any  other 

subroutine 

LOITR 

calls: 

ATMOS 

ROTLIM 

ROTPOW 

POWAVL 

POWAVI 

THRQVL 

POWREQ 

THRREQ 

POWRQI 

POWAVL 

calls: 

Eng  1 

POWAVI 

calls : 

Eng  1  I 

POWREO 

calls: 

Eng  1 
POWRQI 
ENG  1  I 

POWER 

calls: 

POWAVL 

POWREQ 

THRUST 

POWAVI 

POWRQI 
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POWER I 

calls :  POWAVI 

POWRQI 
THRUST 

PRFRM 

calls:  LOADER  CLIMB  LOITR  TRALT 

TAXI  CRUS  1,2,3  CHGFW  PRFRP 

TOHL  DSCNT  CHGPL 

PRFRP 

calls:  ATMOS  POWER  POWRQI  LOITR  POWAVI 

DRAG  ROTPOW  POWREQ  ROTLIM  THRAVL 

ROTPOW  POWERI  POWAVL  CRUS  1,  3 

PRINT  1 

calls :  LOADER 

ATMOS 
PRINT  2 

PRINT  2- 

calls:  LOADER 

ATMOS 

ROTLIM 

calls:  DRAG 

ROTPOW 

ROTPOW 

does  not  call  any  other  subroutine 

SCRIBE 

does  not  call  any  other  subroutine 

SIZTR 

calls :  ATMOS  AERO 

ROTPOW  DRAG 

POWAVL  POWAVI 

THRAVL 

TAXI 

calls :  ATMOS  POWAVL 

THRAVL 
POWAVI 


THRAVL 


does  not  call  any  other  subroutine 


THREE P 

does  not  call  any  other  subroutine 

THRUST 

does  not  call  any  other  subroutine 

TOHL 


calls :  ATMOS 

POWAVL 
ROTLIM 


ROTPOW  THRAVL 

POWREQ 

POWAVI 


TRACT 


calls:  CRUS  1 

CRUS  2 
CRUS  3 


WGHTR 


does  not  call  any  other  subroutine 


FUNCTIONS : 


All  functions  do  not  call  any  other  subroutine .  For 
list  the  functions  are: 

BIV  TRIV 

PARA  XLINT 

TABLE  XLKUP 

XIBIV 


complete 


( 
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4j0  detailed  program  description 


4.1  MAIN  CONTROL  LOOP 

Figure  4-1  is  a  flow  chart  of  the  main  control  loop  for  the 
computer  program.  In  the  sizing  option  (OPTIND  ■  1) ,  the 
program  iterates  on  the  aircraft  gross  weight  until  the  fuel 
available  and  the  fuel  required  are  equivalent  within  a  speci¬ 
fied  tolerance.  If  OPTIND  *  2  or  3,  the  program  bypasses  the 
size  trends,  engine  sizing,  and  weight  trends  subroutines.  If 
OPTIND  »  3,  the  program  iterates  to  determine  the  takeoff 
weight  and  fuel  required  to  fly  a  specified  mission. 

4.1.1  Input  Card  Setup 

The  first  five  columns  of  an  input  card  contains  information 
used  by  the  input  routine  LOADER.  A  card  with  77777  punched 
in  the  first  five  columns  indicates  a  title  card  follows.  The 
following  card  is  an  alpha-numeric  title  card  with  information 
in  columns  seven  through  seventy-eight  as  shown  on  the  input 
sheets  in  the  User's  Manual.  All  input  data  are  assigned  a 
unique  location  in  the  input  data  file.  This  is  indicated  by 
the  location  number  of  each  variable  on  the  input  sheets  in  the 
User's  Manual.  Up  to  five  variables  may  be  input  on  a  card. 
Columns  1  through  4  contain  the  location  number  of  the  first 
variable  on  the  card  and  column  five  the  number  of  variables 
on  the  card.  A  card  with  88888  punched  in  the  first  five 
columns  indicates  the  end  of  lata  for  that  case  and  starts 
program  execution.  A  card  with  99999  in  the  first  five  columns 
indicates  the  end  of  the  run  and  causes  program  termination. 
Cases  can  be  stacked  in  the  following  manner. 


77777 

Card 

Title  Card 

Data  Cards 

88888 

Card 

77777 

Card 

Title  Card 

New  Data  Cards 

88888 

Card 

99999 

Card 
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Figure  4-1.  MAIN  Control  Loop  Subroutine,  Flow  Chart  (Part  4  of  13) 
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Figure  4-1.  MAIN  Control  Loop  Subroutine,  Flow  Chart  (Part  8  of  13) 
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Figure  4-1.  MAIN  Control  Loop  Subroutine,  Flow  Chart  (Part  9  of  13) 
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Figure  4-1.  MAIN  Control  Loop  Subroutine ,  Flow  Chart  (Part  12  of  13) 
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4.2  ATMOSPHERE  SUBROUTINE 

The  atmosphere  subroutine  will  calculate  the  atmospheric 
density,  pressure,  and  temperature  as  a  function  of  altitude. 
Three  options  included  below  are  available.  These  are  speci¬ 
fied  by  means  of  an  input  indicator,  ATMIND,  which  is  input 
individually  for  the  performance  data  and  the  engine  sizing 
data.  Thus,  the  atmosphere  can  be  calculated  differently  for 
each  segment  of  the  flight  profile  and  for  the  engine  sizing. 

The  options  are: 

ATMIND  *  0:  Standard  atmosphere 

ATMIND  *  1:  Constant  increment  in  temperature  above  standard 
temperature . 

ATMIND  *  2:  Nonstandard  temperature  distribution  as  a  function 
of  altitude.  Input  locations  1650  -1670. 

The  flow  chart  for  the  atmosphere  subroutine  is  shown  in 
Figure  4-2. 
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4.3  DRAG  CALCULATIONS  SUBROUTINE 


The  drag  calculations  subroutine  uses  the  factors  as  through 
a9,  as  determined  by  the  aerodynamics  calculations  subroutine 
to  calculate  the  total  drag  of  the  helicopter.  Besides  para¬ 
site  drag,  in  the  case  of  compound  or  winged  r  ‘icopters, 
total  drag  includes  wing  induced  drag  and  rotc»  wing  inter¬ 
ference  drag,  the  latter  being  calculated  using  a  simplified 
Prandtl  Bi-Plane  Theory  approach.  The  total  helicopter  pro¬ 
pulsive  thrust  coefficient  (Cx)  is  calculated  as  a  function  of 
forward  flight  helicopter  advance  ratio  (u) .  The  subroutine 
flow  chart  is  shown  in  Figure  4-3. 


Figure  4-3.  Drag  Calculations  (DRAG)  Subroutine  Flow 
Chart  (Part  1  of  1)  . 
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4.4  ENGINE  LIBRARY  AND  ENGINE  CYCLE  SUBROUTINES 


The  basic  cycle  performance  data  consists  of  tabulated  values 
of  four  variables: 

1.  referred  thrust  or  horsepower 


input  locations  1326-1373 

2.  referred  fuel  flow 


input  locations  1390-1437 

3.  referred  gas  generator  shaft  RPM 


input  locations  1454-1501 

4.  referred  power  turbine  shaft  RPM 


input  locations  1518-1565 

For  the  primary  engine  cycles,  these  tables  are  functions  of 
Mach  number  and  turbine  inlet  referred  temperature.  For  lift 
engine  cycles,  the  tables  are  functions  only  of  turbine  inlet 
referred  temperature.  All  data  are  in  referred,  normalized 
format  as  shown  in  Table  4-1. 

The  standard  engine  cycle  library  consists  of  forty-five  differ¬ 
ent  generalized  engine  cycles  shown  in  Table  4-2.  The  data  for 
each  cycle  is  punched  in  card  form,  accessible  for  input  with 
the  remainder  of  the  input  data  for  a  given  case.  Each  cycle 
is  numbered;  and,  to  guard  against  selection  of  an  incorrect 
cycle,  the  cycle  number  is  checked  against  a  similar  number  in¬ 
put  to  the  program  by  the  user. 

The  fuel  flow  of  the  basic  engine  cycle  should  correspond  to  the 
manufacturer's  specification  data.  Adjustments  to  the  fuel  flow 
level  may  be  made  by  means  of  the  input  multiplier,  Kpj,. 

Because  of  the  normalized,  referred  format,  all  data  are  valid 
for  any  ambient  temperature,  standard  or  nonstandard.  With  the 
exception  of  referred  power,  none  of  the  tables  are  dependent 
upon  power  turbine  speed.  Usually  N^  Loc  (1238),  is  set  equal 

**II 

xlOPT 

to  1.0  in  order  to  determine  N^  through  the  relationship 

NII 

MAX 
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TABLE  4-1 
ENGINE  CYCLE  DATA  FORMAT 


VARIABLE 


SYMBOL 


REFERRED,  NORMALIZED  FORM 


Thrust 

PN 

V5PS 

Power 

SHP 

SHP/6 /0SHP* 

Gas  Generator 

rpm 

NI 

Nj/ZeN* 

Power  Turbine 

rpm 

NII 

Njj/ZeNjj 

Fuel  Flow 

"f 

Wf/d/0F* 

wf/«/eSHP* 

Turbint  inlet 

Temperature 

T 

T/e 

Where: 


Max.  Power  Setting,  Static,  Sea  - 
Level,  Standard  Day 

Ambient  Temperature  ( °R)  Divided 
by  518.69°R 

Ambient  Pressure  (psia)  Divided 
by  14.696  psia 


,  II  %  ,  UMAX* 

'N  '  N  *  ' 

II  II 

XMAX  AX 

Tn^TnT:  ~rFT~ 


where  wiimax  is  input  into  Loc  (1223).  If  N. 


is  determined 


to  be  an  unsatisfactory  value,  greater  than  1.0,  then  set  NXI 

Hn( 

for  specific  segment  and  calculate  Changes  in 

*i  i 

aaOPT  aaOPT 

directly  affects  Nj  j  and  indirectly  affects  operating  tip 

n T7 


speed  through 

v 

T  operating 


I  hi  \  I  Nn _ \  vi 


>1 


Auxiliary  Independent  Propulsion _ 

Engines 

Primary 


TABLE  4-2 

HESCOMP  ENGINE  LIBRARY 


Maximum 


Turbine 

Compressor 

Engine 

Inlet 

Design 

Pan 

Cycle 

Tempera- 

Pressure 

Bypass 

Number 

ture  -  °R 

Ratio 

Ratio 

J  T 

1 

2600 

13 

I  0  W 

1  <0 

2 

2600 

16 

3 

2900 

13 

I  u  to  c 

1  (tj  i-4  -i-t 

Turbo shaft 

4 

2900 

16 

C  E  3  C 

O  -H  OiC 

Engine? 

5. 

2900 

19 

•rt  U  0  H 

6 

3200 

13 

01  B<  M 

iH  Ot 

7 

3200 

16 

3  1 

8 

3200 

19 

o  JL 

9 

3200 

22 

M 

Id 

li 

li 

2600 

16 

c 

12 

2900 

13 

<D  0) 

03  0) 

13 

2900 

16 

c  c 

Q) 

Turbojet  Engines 

14 

2900 

19 

d.  tr> 

15 

3200 

13 

(1)  c 

T3  W 

16 

3200 

16 

C 

17 

3200 

19 

18 

22 

19,20,21 

2600 

16 

2,4,6 

.2 

22,23,24 

2600 

20 

2,4,6 

iH 

25,26,27 

2900 

16 

2,4,6 

•H 

X 

28,29,30 

2900 

20 

2,4,6 

0 

d* 

Turbo fan 

31,32,33 

2900 

24 

2,4,6 

1 

Engines 

34,35,36 

3200 

16 

2,4,6 

37,38,39 

3200 

20 

2,4,6 

I 

40,41,42 

3200 

24 

2,4,6 

i 

43,44,45 

3200 

28 

2,4,6 
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where  V  is  input  Loc  (0181).  By  setting  N2IND  =  2,  Loc  (1204), 
turboshaft  engine  power  at  nonoptimum  N...  will  be  calculated  by 
the  program  by  multiplying  power  at  optimum  N;i  by  a  correction 
factor,  KpN,  which  is  a  function  of  Njj/Njj  •  The  factor  KpN  is 

MAX 

normally  calculated  by  the  program  and  obeys  a  second  order  re¬ 
lationship:  ,  N 


l.o  4- - - 


[l  -  (l  - 


'll  opt 


0  100%  200% 

NII/NII  opt 

Most,  but  not  all,  turboshaft  engines  will  obey  this  relationship. 
For  engine  cycles  whose  performance  is  not  properly  represented  by 
the  above  curve,  the  user  may  input  a  table  of  K_  versus  NTT/NTI 

A  0P1 

locations  1238-1257.  The  program  uses  inputs  N  /N  for  each 

MAX 

flight  segment  and  N  /N, .*  for  the  engine  cycle.  The  program 

IXMAX 

uses  this  information  to  establish  the  value  of  N  /N  for 

“opt 

each  point  of  flight. 

By  setting  N2IND  *  0  or  1,  the  program  will  assume  that  the  power 
turbine  is  always  operating  at  optimum  speed  and  no  correction  will 
be  applied.  N2IND  =  0  will  simulate  an  engine  cycle  which  is  oper¬ 
ating  at  optimum  N__  and  for  which  no  upper  limit  has  been  placed 
on  N__.  For  many  applications,  this  option  will  be  perfectly  ade¬ 
quate1  for  preliminary  sizing  studies.  The  adequacy  of  this  assump¬ 
tion  can  be  determined  by  consideration  of  the  following  factors: 

1.  It  may  be  desirable;  e.g.  as  in  the  case  of  a  slowed- 
rotor  compound  helicopter,  to  reduce  the  main  rotor  RPM 
in  cruise  flight. 

2.  For  some  applications  this  may,  in  turn,  force  the 
engine  to  operate  at  a  very  inefficient  N__.  In  general, 
the  optimum  N__  increases  as  output  power1 Increases  re¬ 
lative  to  the1 maximum  level. 
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N2IND  =  1  will  simulate  operation  of  an  engine  cycle  at  optimum 
N_  j ,  but  with  the  restriction  of  a  maximum  value  for  N__.  This 
type  of  operation  is  characteristic  of  airplanes  employing  fixed 
pitch  propellers.  Care  should  be  taken  in  using  this  option 
because  it  may  lead  to  a  significant  reduction  in  power  avail¬ 
able  as  shown  by  the  sketch  below:  locus  or 

OPTIMUM  S, 


'II 


A  «  Point  of  operation 

for  aircraft  flying  at 
optimum  Nji,  limited 
bV  HU  MAX*  (N2IND  -  1) 


B 


Point  of  operation  for 
aircraft  flying  at  non¬ 
optimum  N j i ,  limited  by 
-  *11  MAX*  (N2IND  -  2) 


N2IND  s  2  is  similar  to  N2IND  =  1  except  the  operational  flying 
point  is  located  at  a  nonoptimum  Njj. 

Limitations  on  engine  cycle  operation  may  be  input  to  the  pro¬ 
gram  on  any  combination  of  the  following: 


•  fuel  flow  WDTIND  Loc  (1201)  = 

0.  =  no  fuel  flow  cutoff 
1.  =  fuel  flow  cutoff  specified  by 
WMAX/W*  Loc  (1220). 

•  gas  generator  speed,  N1IND  Loc  (1202)  = 

0.  =  no  gas  generator  speed  cutoff 
1.  =  gas  generator  speed  cutoff  specified 
byNIMAX  LOC  (1221) 


•  gas  generator  referred  RPM,  N19IND  Loc  (1203)  = 
0.  =  no  referred  RPM  cutoff 
1.  =  referred  RPM  cutoff  specified  by 


Loc  (1222) 

•  output  shaft  speed  N2IND  Loc  (1204)  = 

0.  =  no  output  shaft  speed  cutoff 

1.  *  output  shaft  speed  cutoff  specified  by 

optimum  Loc  ( 1223 ) . 

2.  =  output  shaft  speed  cutoff  specified  by 

nonoptimum  Loc  (1233). 
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•  torque,  QIND  Loc  (1205)  =* 

0.  =  no  torque  limit 

1.  =  torque  limit  imposed  on  main  and  tail 

rotor  transmission  specified  by  QM.„/Q* 

Loc  (1224). 

2.  =  torque  limit  imposed  on  auxiliary  propulsion 

transmission  specified  by  WV  Loc  {1224)- 

Engine  ratings  (power  settings)  are  dictated  by  turbine  temp¬ 
erature.  Five  discrete  values  of  that  parameter  are  input  for 
the  primary  engine  cycles,  one  for  each  of  the  following  power 
settings:  maximum,  military,  normal,  flight  idle,  and  ground 
idle. 

The  program  will  print  out,  during  the  mission,  the  value  of 
turbine  temperature  and  a  code  that  designates  which  condition 
is  governing  the  engine  performance  at  that  point:  power  or 
thrust  required,  turbine  temperature,  torque  limit,  N  limit, 
referred  Nj  limit,  NIJ:  limit,  or  fuel  flow  limit. 

Manufacturer's  data  on  some  engines  show  significant  varia¬ 
tions  in  both  referred  power  (shp /S/d)  and  lapse  rate  with 
respect  to  changes  in  altitude.  These  variations  are  due  to 
Reynolds'  number  effects.  It  has  been  found  that  these 
effects  can  be  accounted  for  by  means  of  a  multiplicative 
factor  on  power  available  which  is  a  function  of  the  Reynolds 
number  based  on  compressor  inlet  conditions,  compressor  blade 
geometry,  and  tip  speed.  Figure  4-4  shows  a  typical  curve  for 
a  real  engine.  The  correction  factor  Kpp  is  input  to  the  pro¬ 
gram  as  a  function  of  the  Reynolds'  parameter 


1  9_ 

vi 

The  tabular  input  of  power,  fuel  flow,  Nj,  and  Njj  for  engines 
which  require  Reynolds  number  corrections  should  be  input  to 
the  program  at  a  nominal  fixed  value  of  the  Reynolds  number 
parameter.  The  Kpr  correction  factor  will  then  give  the  power 
at  other  values  of  the  Reynolds  number  parameter.  In  the  ex¬ 
ample  shown  in  Figure  4-4,  the  nominal  value  of  the  parameter 
was  chosen  as  9000  seconds/foot. 

The  referred  Nj  limit  is  a  constraint  on  the  value  of  Nx//?^ 
where  9x  is  the  temperature  ratio  at  the  compressor  face. 

This  limit  simulates  a  restriction  on  compressor  speed.  The 
user  inputs  a  maximum  value  of  Nx/Nj/^ 

The  engine  dry  weight  and  dimensions  are  calculated  by  means 
of  the  input  parameters  1*3,  kjj,  k4,  £4  and  $4^ 


4-24 


CORRECTION  FACTOR  K] 


TURBOSHAFT  ENGINE  A 


Figure  4-4.  Typical  Reynolds  Number  Correction  Factor 
for  a  Turboshaft  Engine  Cycle. 
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It  should  be  noted  that  auxiliary  independent  engine  input 
data  can  be  created  from  the  engine  cycle  library  data  simply 
by  the  input  of  the  applicable  engine  cycle  IBM  card  deck, 
preceded  and  followed  by  a  "66666"  card.  Nonstandard  auxil¬ 
iary  independent  engine  performance  is  input  using  the  sheet 
provided  for  that  purpose. 

Figures  4-5  through  4-12  are  flow  charts  of  the  engine  cycle 
subroutines.  The  purpose  of  these  subroutines  is  described 
in  Table  3-1  in  Section  3.0  of  this  document. 
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Figure  4-5.  POWAVL  Subroutine,  Flow  Chart  (Part  1  of  5) 
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Figure  4-5.  POWAVL  Subroutine,  Flow  Chart  (Part  3  of  5) 
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Figure  4-5.  POWAVL  Subroutine,  Plow  Chart  (Part  4  of  5) 
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Figur*  4-6.  POWREQ  Subroutine,  Flow  Chart. 
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Figure  4-7.  POWAVI  Subroutine  Flow  Chart  (Part  1  of  7) 
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Figure  4-7.  POWAVI  Subroutine  Flow  Chart  (Part  5  of  7) 
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Figure  4-7.  POWAVI  Subroutine  Flow  Chart  (Part  6  of  7) 
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Figure  4-8.  POWRQI  Subroutine  Flow  Chart  (Part  1  of  2) 
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Figure  4-8.  POWHQI  Subroutine  Flow  Chart  (Part  2  of  2) 


Figure  4-9.  THRAVL  Subroutine  Flow  Chart  (Part  1  of  3) 
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Figure  4-12.  ENG  1  I  Subroutine  Flow  Chart  (Part  2  of  2) 
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4.5  ROTOR  PERFORMANCE  SUBROUTINE 


Six  options  are  available  to  the  user  for  calculating  rotor 
performance.  These  are  specified  by  the  indicator  ROTIND  as 
follows : 


ROTIND 

1  Rotor  performance  calculated  by  the 
11  short  form  aero1'  rotor  performance 
methodology 

2  Rotor  map  is  input,  corrections  are 
applied 

3  Rotor  map  is  input,  no  corrections  are 
applied 

4  Rotor  map  (L/Dg)  is  input.  The  program 

accepts  VTIp  schedule  and  TAUX/T  schedule 

equal  to  1000.  Also,  single  point  values 
of  Taux/T  are  accepted.  TftUX/T  schedule 

*  2000  cannot  be  used  with  this  ROTIND  =  4. 


5.  Rotor  map  (L/D-)  is  input.  The  rotor  is 
operated  at  maximum  rotor  L/Dg  with  TAUX/T 

as  output.  The  program  accepts  VTIp  schedule 

and  Taux/T  schedule.  TAUX/T  =  2000  may  be 

used  with  this  option  to  define  specified 
propulsive  mode  of  operation  up  to  a  given 
value  of  M.  Above  this  value  of  M,  the  rotor 
is  operated  at  maximum  L/Dg  with  TAUX/T  as 

output.  ROTIND  =  5  can  be  used  only  when 
AUXIND  (LOC  0006)  >  2.  and  n  (Loc  0253)  =  0 

PIND 

6.  Rotor  map  (L/Dg)  is  input.  This  option  is 

similar  to  ROTIND  =  5.  except  that  the  rotor 
is  operated  at  maximum  configuration  L/D£  with 
TAinr/T  as  output. 


The  first  option  (ROTIND  =  1),  using  the  short  form  aero  meth- 
dology,  allows  the  user  to  calculate  rotor  performance  for  a 
wide  range  of  rotors  with  a  minimum  amount  of  input.  The  user 
is  required  to  input  a  rotor  cycle  (a  list  of  currently  avail¬ 
able  cycles  is  illustrated  in  Table  2-4)  and  such  blade  char¬ 
acteristics  as  blade  number,  twist,  and  cutout.  In  the  case 
of  a  single  rotor  helicopter,  tail  rotor  blade  characteristics 
must  also  be  input.  The  short  form  aero  methodology,  developed 
at  Boeing  (References  2,  3,  and  4),  combines  momentum  theory  and 
empirical  corrections  through  coefficients  found  in  the  rotor 
cycles . 


The  four  elements  of  the  rotor  power  required  are: 

a)  induced  power  (power  required  to  generate  lift) 

b)  profile  power  (power  required  to  turn  the  rotor) 

c)  parasite  power  (power  required  to  supply  porpul- 
sive  thrust  in  forward  flight). 

d)  nonuniform  downwash  power  (power  correction  due 
to  nonuniform  inflow  and  downwash  effects  in  for¬ 
ward  flight). 


The  data  used  in  this  approach  has  been  derived  and  correlated 


for  rotors 

operating  within 

the 

following  parametric  ranges: 

Blade 

Number 

= 

2-8 

Blade 

Twist 

= 

0  -  -18* 

Blade 

Root  Cutout 

a 

0.20R 

Rotor 

Solidity 

= 

0.055  -  0.150 

Rotor 

Ratio 

Advance 

0  -  0.4 

No  appreciable  loss  in  accuracy  is  likely  for  cases  involving 
more  them  eight  blades,  less  than  20  percent  root  cutout  or  a 
solidity  lower  than  0.055.  The  level  of  confidence  will  be  re¬ 
duced,  however,  for  those  cases  in  which  the  rotor  parameters 
greatly  exceed  the  ranges  shown  above.  Figure  4-13  illustrates 
a  typical  comparison  of  short  form  aero  predicted  performance 
and  flight  test  data. 
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Figure  4-14  is  a  summary  of  the  major  equations  used  in  this 
methodology.  A  brief  description  of  their  applications 
follows : 


In  hover,  the  rotor  power  required  is  composed  of  only  two  parts, 
induced  and  profile  power.  The  induced  power  as  represented  by 


the  equations  in  Figure  4-14  is  a  function  of  the  variables  K HOV, 
K0_,  and  C_.  is  the  adjustment  for  nonuni  form  inflow  ana 

wake  contractionueffects  and  is  a  function  of  C_,  blade  number, 
and  blade  twist.  K  .  is  the  correction  for  overlapping  rotors 
(as  in  the  case  of  axandem  rotor  helicopter.) 


The  profile  power  is  simply  a  function  of  the  integrated  blade 
drag  coefficient  (including  compressibility  effects)  at  a  spec 
ified  operating  C^/o  and  blade  solidity. 


In  cruise,  the  rotor  power  is  composed  of  all  four  of  the  com¬ 
ponents  listed  initially.  The  induced  power,  as  represented  by 
the  equations  in  Figure  4-14,  is  a  function  of  the  quantities 

KIND'  Kint'  Ct’'  and  u'*  KIND  the  induced  Power  adjustment 
factor  wnich  accounts  for  blade  tip  and  other  losses.  KIN_ 
the  induced  power  adjustment  for  interference  between  tandem 
rotors.  Thus,  for  single  rotor  helicopters,  K  is  equal  to 
1.  For  tandem  rotors,  the  value  of  KIN_  is  calculated  based 
on  tandem  rotor  overlap  and  an  empirically  derived  wake  sepa¬ 
ration  angle,  5  * .  Profile  power  is  simply  a  function  of  the 
integrated  blade  drag  coefficient  (corrected  for  retreating 
blade  stall  and  advancing  blade  compressibility  effects)  at 
specified  operating  conditions  (C_'/a»  V*  c  ),  l>lade  solidity, 
and  advance  ratio  (u).  The  parasite  power  is  a  function  of 
the  propulsive  thrust  required  and  the  efficiency  of  the  rotor 
in  converting  power  into  that  propulsive  thrust  (in  addition 
to  providing  lift).  The  nonuniform  downwash  (NUD)  power  is  a 
correction  which  has  been  empirically  derived  from  a  compari¬ 
son  of  uniform  and  nonuniform  downwash  rotor  analyses.  The 
term  Kj__,  which  is  a  function  of  the  advancing  rotor,  is 
storedw«  BLOCK  DATA  in  this  program,  and  is  graphically  re¬ 
presented  in  Figure  4-15. 
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Figure  4-15.  Non-Uniform  Downwash  as  Stored  in  Block  Data 


In  order  to  obtain  a  reasonable  estimation  of  power  required 
at  very  low  advance  ratios  (  u<  0.1)  where  neither  normal 
cruise  nor  hover  rotor  characteristics  totally  describe  the 
operating  environment  of  the  rotor,  an  empirical  fairing  tech¬ 
nique  is  used.  The  method  is  based  on  the  contracted  induced 
wake  angle  £  : 

£  =  tan~1((2Vi  1(1. 689V)) 


The  relationship: 


sin^£ 


2 

cos  £ 


=  1 


is  used  to  provide  a  smooth  transition  between  hover  and  cruise 
characteristics  for  the  affected  coefficients  while  insuring  that 
the  resulting  values  will  lie  within  the  boundaries  set  by  hover 
and  cruise  limiting  conditions. 

A  detailed  description  of  the  equations  used  in  this  methodology 
is  provided  by  inspection  of  Figure  4-19  (subroutine  ROTFOW  flow 
chart)  and  the  input  variable  list  included  in  paragraph  5.3.1 
of  Section  5.0.  The  empirical  factors  used  in  this  methodology 
are  input  as  noted  earlier,  in  "rotor  cycle"  format.  The  input 
sheet  used  for  this  purpose  is  included  in  the  specimen  input 
sheets  of  Section  5.2.  It  should  be  noted  that  since  the  factors 
specified  in  a  "rotor  cycle”  represent  integrated  blade  character¬ 
istics,  then  a  given  "rotor  cycle”  implicity  represents  a  given 
spanwise  chord  and  airfoil  distribution.  Thus,  it  would  ultimate¬ 
ly  be  possible  to  build  up  an  extensive  library  of  "rotor  cycles” 
with  varying  combinations  of  planform  and  airfoil  distributions. 

The  second  option  (ROTIND  *2)  utilizes  isolated  rotor  data  (Type 
I  rotor  map)  derived  for  a  specified  rotor  configuration,  but  cor¬ 
rected  by  the  program  for  the  specific  rotor  and  helicopter  con¬ 
figuration  being  analyzed.  It  should  be  noted  that  this  option, 
in  the  case  of  the  single  rotor  helicopter,  utilizes  the  short 
form  aero  methodology  for  calculating  tail  rotor  power.  Thus, 
the  same  tail  rotor  blade  information  required  in  the  first  option 
must  be  input. 

Option  three  (ROTIND  =  3,  Type  I  rotor  map)  uses  total  configura¬ 
tion  rotor  data;  that  is,  in  the  case  of  a  single  rotor  helicopter, 
this  would  include  both  main  and  tail  rotor  power  and  applies  no 
corrections  to  the  data.  Input  locations  2700-3410  are  provided 
for  the  input  of  Type  I  rotor  maps.  Values  of  C_/a  input  as  func¬ 
tions  of  up  to  ten  values  of  C_/ 7  at  up  to  six  values  of  can 

be  used  for  hover  performance;  and  cruise  C_/o  values  can  cer in¬ 
put  as  functions  of  up  to  ten  values  of  C _/j  and  ten  values  of 
Cx/o  at  up  to  six  values  of  y  . 
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Options  four  (ROTIND  =4),  five  (ROTIND  =5),  and  six  (ROTIND  =  6) 
utilize  the  Type  II  rotor  map  data  in  the  same  manner  as  the  secon 
option  (ROTIND  =2).  Input  locations  3420-4130  are  provided  for  the 
input  of  Type  II  rotor  maps.  Values  of  F.M.  input  as  functions  of 
up  to  ten  values  of  C_/a  at  up  to  six  values  of  M__  can  be  used 
for  hover  performance;  and  cruise  L/D_  values  canoe  input  as  func¬ 
tions  of  up  to  ten  values  of  C_/a  andt,six  values  of  X/L  at  up  to 
six  values  of  .  1 

A  detailed  description  of  the  equations  and  variables  used  for 
ROTIND  =  1,2, 3 ,4, 5,  and  6  is  available  by  inspection  of  Figure 
4-16  and  section  5.3.1,  Program  Variables.  Figures  4-16  and  4-17 
show  the  corrections  (K-j.,  TIGE/TOGE)  for  hover  inground  effect 
applied  to  the  equationsV0 

T/W  *  1  +  DL(K  ) 

dld 


4W (T/W) 


P*d2r  Nr  Vjip  (TIGE/TOGE) 


used  in  calculating  hover  power. 

Care  must  be  exercised  in  the  preparation  of  input  data  for  both 
Type  I  and  II  rotor  maps.  The  performance  subroutines  employ 
search  procedures  which  require  input  data  to  be  specified  con¬ 
siderably  above  and  below  the  final  operating  point  of  a  configur¬ 
ation.  Therefore,  "map"  data  should  be  provided  over  a  wide  range 
on  either  side  of  expected  operating  points. 

For  the  calculation  of  vertical  climb  power,  the  subroutine  uses 
the  simple  potential  energy  relationship: 


RHPvrc  *  _ WilEi) _ _ 

33,000 (VCEH1  +  VCEH2 (VRC) ) 

The  vertical  climb  efficiency  factors  (V___  and  v  )  can  be 
derived  from  flight  test  data.  H1  CEH2 


The  quantity  ALPHA  D/L  printed  out  in  all  forward  flight  per¬ 
formance  segments  reflects  the  propulsive  thrust-lift  vector  of 
the  main  rotor.  The  following  simple  sketch  illustrates  the  sign 
convention  employed. 


t 
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GROUND  PROXIMITY  DOWNLOAD  CORRECTION  FACTOR 


dldcorr.fact: 


dldcorr.fact 


" (2hB_/DIA. ) 
•1.028-1. 25a  F 


•1.36771-1.579136 


-hRj./D 


IA. 


SINGLE 

ROTOR 


TANDEM 

ROTOR 


(hB  /DIA.)  FUSELAGE  BOTTOM/GROUND  HT.  RATIO 
F 


Figure  4-16.  Download  Sensitivity  to  Ground  Proximity. 
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Figure  4-17.  Thrust  Augmentation  in  Ground  Effect 


Rotor  performance  is  calculated  by  HESCOMP  utilizing  the  rotor 
maps  of  L/D_  vs  p  ,  C'/o  and  X/L.  Using  these  maps,  three 
types  of  rotor  operations  can  be  specified.  These  are: 


(1)  Flight  at  a  fixed  rotor  propulsive  force 
(taux/T)  level* 


(2)  Flight  at  maximum  rotor  L/DE.  In  this  case,  rotor  propul¬ 
sive  force  (drag)  is  an  output. 

(3)  Flight  at  maximum  configuration  L/Dg.  In  this  case,  rotor 
propulsive  force  (drag)  is  an  output. 


The  configuration  L/D£  is  calculated  from: 


(L/De) 


GW  X  V, 


KTAS 


CONFIG  325.8  X  BHP 


Operation  in  either  modes  (2)  or  (3)  includes  a  search  for  the 
X/L  at  which  either  maximum  rotor  or  configuration  L/D-  occurs. 

To  accomplish  this,  HESCOMP  interpolates  the  input  rotor  map 
data  at  the  particular  operating  point  (P  and  C'/g)  and  gener¬ 
ates  a  data  array  of  rotor  L/D_  vs  X/L.  Figure  4-18  illustrates 
a  typical  plot  of  such  data,  Tn  the  case  of  operations  in  mode 
(3),  an  additional  array  of  configuration  L/D£  vs  X/L  is  generated. 
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The  search  begins  at  the  lowest  value  of  X/L  input  and  continues 
until  the  maximum  value  of  L/DE  is  obtained.  For  the  maps  used  in 
HESCOMP,  the  range  of  X/L  extends  from  -0.15  to  +0.10.  It  is  in 
this  search  procedure  that  the  rotor  maxim  m  lift  limits  describ¬ 
ed  earlier  are  employed.  As  noted  previously,  these  maximum 
rotor  lift  limits  are  input  as  function  of  u  and  C^/a"  For  a 
given  operating  point  (  u  and  C^1 /a) ,  the  limiting  value  of 
X/L  can  be  defined  as: 


X/L  - 


(CuVa)  RL 

<c ?Vil  n 


Thus,  if  the  limiting  value  of  X/L  is  exceeded  in  such  a  search, 
rotor  X/L  is  reduced  until  the  operating  point  and  the  rotor  lift 
limit  are  matched. 

The  flow  chart  for  the  rotor  power  subroutine  is  illustrated  by 
Figure  4-19. 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  3  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  4  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chert  (Part  5  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  9  of  23) 


Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  10  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  14  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  15  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  16  of  23) 
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Figure  4-19.  ROTPOW  Subroutine,  Flow  Chart  (Part  22  of  23) 


19.  ROTPOW  Subroutine,  Flow  Chart  (Part  23  of  23) 
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4.6  ROTOR  LIMITS  SUBROUTINE 


The  rotor  limits  subroutine  compares  the  main  rotor  operating 
values  of  y  ,  ^  and  C^'/o  to  those  input  in  the  rotor  limits 


information  table  (LOC  0347-0395).  In  the  takeoff,  hover,  and 
landing  subroutine,  if  the  main  rotor  operating  value  of  C'/o 
exceeds  the  table  value,  the  following  statement  is  printed 
out: 


WARMING:  ROTOR  LIMIT  HAS  BEEN  EXCEEDED.  EITHER 

REDUCE  MAIN  ROTOR  THRUST  REQUIREMENTS  AT 
THESE  OPERATING  CONDITIONS,  OR  INCREASE 
MAIN  ROTOR  TIP  SPEED.  CHECK  ALL  VALUES 
OF  C^SIGMA  IN  THIS  PERFORMANCE  LEG. 

In  the  climb,  cruise,  descent,  and  loiter  subroutines,  if  the 
main  rotor  operating  value  of  C T'/<y  for  a  given  and  v  ex¬ 
ceeds  the  table  value,  cruise  speed  is  reduced  until  the 
operating  and  table  values  of  C' /a  coincide  and  the  following 
message  is  printed  out: 

WARNING:  ROTOR  LIMIT  HAS  BEEN  EXCEEDED.  FORWARD 

FLIGHT  SPEED  HAS  BEEN  REDUCED  ACCORDINGLY. 

CHECK  ALL  VALUES  OF  TAS,  MU,  C'/a  ,  AND 
CXR  IN  THIS  PERFORMANCE  LEG. 

The  function  of  the  rotor  limits  table  input  is  to  provide 
realistic  (lg)  level  flight  boundaries  for  helicopter  rotor 
operation.  This  is  important  because,  although  the  rotor 
performance  calculation  (whether  using  rotor  "cycles"  or 
maps)  reflects  operation  near  stall  through  rapidly  increasing 
power  required  levels,  it  would  still  be  possible,  using  a 
greatly  oversized  engine,  to  operate  in  this  region,  even 
though  in  actual  fact  the  rotor  could  be  overstressed  or 
subject  to  structural  failure.  A  typical  rotor  limits  plot 
is  illustrated  by  the  sketch  below: 


For  purposes  of  defining  the  tabular  rotor  limits  input,  the 
level  flight  conditions  are  of  interest  only,  although  single 

curve 
ty. 

Rotor  limits  then  can  be  based  on: 

a)  incipient  rotor  blade  stall  limits  (lg  level 
flight),  or 

b)  incipient  rotor  blade  stall  and/or  rotor  blade 
structural  limits  for  maneuver  flight. 

Figure  4-20  shows  a  summary  of  miscellaneous  rotor  limits  data 
(theoretical  and  flight  test),  for  both  the  lg  level  flight 
and  maneuver  conditions.  The  rotor  limit  value  (Cf_/a)H  en¬ 
countered  in  hover  is  typically  due  to  stall  flutter.  This  is 
primarily  an  aeroelastic/control  system  stiffness  problem. 

Level  flight  rotor  limit  values,  as  noted  earlier,  are  a 
function  of  incipient  stall  and/or  stall  flutter.  Rotor  limits 
in  maneuver  flight  are  more  complex  to  understand  because  of 
the  interaction  of  various  rotor  configurations  and  rotor 
parameters  on  the  result.  For  example,  a  rotor  system  with 
relatively  high  rotor  blade  inertia  in  the  flapwise  direction 
should  potentially  (in  a  maneuver)  exhibit  a  higher  maneuver 
g  capability  (due  to  gyroscopic  precessional  effects)  than  a 
rotor  with  less  inertia  in  the  flapwise  direction.  Other 
factors  influencing  rotor  limits  include  the  torsional  natural 
frequency  of  the  blade  as  it  interacts  with  stall  flutter, 
chordwise  bending  stresses  of  the  blade,  the  type  of  maneuver 
performed,  etc.  For  a  more  detailed  discussion  of  this  matter, 
see  References  12  to  15. 

Provision  has  been  made  in  the  rotor  limits  table  for  inclusion 
of  rotor  limits  which  are  a  function  of  C ^/a  (based  on  rotor 
propulsive  thrust)  as  well  as  y  (see  the  sketch  below). 


point  values  (C_/a)H,  (C_/o)CR  from  the  ®aneuver  flight 
are  necessary  for  determining  (sizing)  main  rotor  solidi 


from  the  maneuver  flight 
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In  those  instances  where  Cx/a  is  not  a  variable,  the  user 
simply  inputs  C'/o  versus  y  at  dummy  values  of  C../<j  (0  and 
1.0).  If  the  user  wishes  to  operate  the  program  Without  using 
rotor  limits,  large  '‘dummy"  values  of  C  '/0  (say  1.0)  are 
input  at  C^/o  =  0  and  1.0. 

Figure  4-21  is  a  flow  chart  of  this  subroutine. 


4-88 


SUBROUTINE  MTLIN ICLN.  SELFE) 


4-89 


8 


Figure  4-21.  ROTLIM  Subroutine,  Flow  Chart  (Fart  4  of  7) 
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Figure  4-21 . 


4.7  PROPELLER  PERFORMANCE  CALCULATIONS 

The  final  selection  of  a  propeller  blade  design  to  best  suit 
a  given  compound  helicopter  mission  is  a  rather  arduous  task 
because  the  suboptimization  of  many  considerations,  such  as 
propeller  efficiency,  propeller  weight,  power  transmission 
system  weight,  pcwerplant  performance ,  and  others,  is  required 
for  each  mission  segment  followed  by  an  overall  mission  optimi¬ 
zation.  A  single  propeller  design  does  not  satisfy  the  require¬ 
ment. 

The  basic  problem  faced  in  evolving  a  single  propeller  design 
to  satisfy  all  flight  conditions  is  that  of  achieving  the 
optimum  blade  loading  for  each  of  the  flight  conditions.  This 
is  virtually  impossible  due  to  the  degree  and  manner  in  which 
thrust  required  and  power  available  vary  with  engine  and 
vehicle  speeds.  From  an  aerodynamic  viewpoint,  this  basic 
problem  manifests  itself  in  terms  of  problems  associated  with 

blade  chord,  twist  and  design  Cr  distributions,  engine- 
propeller  performance  matching ,Land  compressibility. 

Propeller  blade  loading  is  a  function  of  the  spanwise  distri¬ 
bution  of  blade  twist,  blade  chord,  and  blade  section  design 
lift  coefficient.  These  three  parameters  must  be  employed  so 
as  to  yield  the  optimum  propeller  performance  at  a  given 
flight  condition.  This  will  occur  when  each  section  of  the 
blade  is  adjusted  to  operate  at  or  near  its  maximum  lift-drag 
ratio  while  maintaining  an  optimum  spanwise  load  distribution. 

As  the  operating  conditions  vary,  the  degree  to  which  near  opti¬ 
mum  conditions  can  be  maintained  changes  for  a  fixed  blade 
geometry.  Therefore,  some  compromise  must  take  place,  and  best 
efficiency  cannot  achieved  at  each  and  every  operating  condition. 

As  one  can  appreciate,  with  fixed  blade  geometry  the  attainment 
of  overall  propeller  optimization  is  somewhat  limited  with 
regard  to  what  can  be  aerodynamically  achieved  with  twist, 
solidity,  and  design  lift  coefficient.  Furthermore,  changing 
these  variables  results  in  variations  in  blade  centrifugal 
twisting  moment,  hub  centrifugal  loads,  blade  pitch  control 
loads,  and  numerous  other  items  which  result  in  either  opera¬ 
tional  envelope  limitations  or  weight  constraints.  Variable 
blade  geometry  can  result  in  aerodynamic  improvements,  but 
these  may  well  be  offset  by  increased  weight  and  cost.  Vari¬ 
able  geometry  propeller  blade  development  and  application, 
furthermore,  have  been  quite  limited. 

The  ability  to  alter  propeller  speed  in  cruise  will  help  the 
designer  cope  with  blade  loading  problems  and  result  in  better 
mission  efficiency.  This  can  be  done  whether  by  using  a  mul¬ 
tiple  speed  power  transmission  system  between  the  engine  and 
propeller  or  by  exercising  the  variable  output  shaft  speed  ( 

capability  of  free  turbine  powerplants.  The  former  method  is 
generally  not  used  due  to  weight  penalties,  while  the  latter 


method  is  extensively  employed.  Engine-propeller  matching, 
though,  is  not  as  simple  as  it  may  sound.  Engine  power  does 
fall  off  at  nonoptimum  turbine  speed,  and  transmission  torque 
requirements  and  weight  increase  with  reduced  turbine  speed. 

The  combination  of  vehicle  speed,  propeller  speed,  diameter 
and  altitude  produce  a  constraint  in  the  form  of  Mach  number. 
Exceeding  a  helical  tip  Mach  number  of  about  0.95  appears  to 
significantly  reduce  propeller  efficiency. 

Current  state  of  the  art  regarding  propeller  aerodynamics 
appears  to  permit  very  accurate  appraisal  of  a  given  propeller 
design  performance  over  most  of  the  flight  envelope.  Perfor¬ 
mance  prediction  capability  is  generally  inadequate  in  the 
following  areas:  1)  static  thrust,  2)  at  moderate  to  high 
propeller  shaft  angles  of  attack  (say  30  to  90  degrees),  and 
3)  under  the  "mixed"  flow  conditions  where  the  blade  sections 
are  in  neither  wholly  subsonic  nor  wholly  supersonic  flows. 

For  purposes  of  preliminary  design,  however,  the  short  methods 
for  predicting  propeller  performance  available  from  propeller 
manufacturers  (e.g.,  Curtiss -Wright  and  Hamilton  Standard) 
generally  produce  acceptable  results,  and  should  certainly  be 
given  consideration. 

Whenever  possible,  the  aircraft  designer  should  consult  the 
propeller  manufactures'  and  his  own  propeller  staffs  early  in 
the  preliminary  design  phase.  Lacking  this,  he  should  freely 
exercise  the  methodology  published  by  propeller  manufacturers. 
These  methods  require  only  several  minutes  to  manually  compute 
a  propeller  performance  po_nt  and  are  well  worth  the  effort. 

Too  many  preliminary  aircraft  designs  have  proceeded  too  far 
assuming  propeller  efficiencies  in  excess  of  the  ideal  induced 
( i . e . ,  zero  drag )  value . 

Three  different  options  are  available  for  representing  the 
performance  of  propellers  when  using  turboshaft  engines 
(ENGIND  =  0).  The  option  to  be  used  is  specified  to  the 
program  by  means  of  a  prop  efficiency  indicator  -  "nplND". 

npIND  *  0  -  The  user  inputs  a  set  of  point  values  for  the  prop 

efficiency  for  the  performance  segments  of  climb  and  descent 
and  a  table  of  efficiency  as  a  function  of  flight  Mach  number 
for  cruise  and  loiter.  The  following  input  is  required: 

fip2  -  The  static  propeller  efficiency  (Figure  of  Merit)  to 
be  used  in  calculation  of  Takeoff,  Hover  and  Landing 
(SGTXND*2)  is  input  as  a  single  point  value.  Xt 
should  be  noted  that  is  also  a  required  input  for 

jet  engines  (ENGIND*1 )  or  for  convertible  engines 
(ENGXNDS2 ) .  Xn  the  former  case  np2  ma?  be  used  to 

represent  the  turning  efficiency  of  jet  engines  being 
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used  with  turning  vanes.  In  the  latter  case  it 
represents  the  Figure  of  Merit  of  the  props  or  rotors 
being  used  with  the  convertible  engines. 


»lp3 

np4 


nps 


A  single  point  value  is  input  for  the  prop  efficiency 
during  climb  ( SGTIND=3 ) . 

A  table  is  input  of  prop  efficiency  during  cruise 
( SGTIND=4 )  and  Loiter  ( SGTIND=6 )  as  a  function  of 
flight  Mach  number. 

A  single  point  value  is  input  representing  the  prop 
efficiency  during  Descent  ( SGTIND=5 ) . 


The  primary  advantage  of  this  option  of  propeller  performance 
representation  is  that  it  permits  rapid  evaluation  of  the 
sensitivity  of  aircraft  performance  and  size  to  changes  in 
propeller  performance.  For  example,  a  series  of  runs  with 
different  values  of  and  ,w  will  quickly  show  the  tradeoff 

between  Figure  of  Merit  and  cruise  efficiency  for  a  family  of 
propellers.  It  may  also  prove  desirable  to  use  this  option  in 
early  conceptual  studies  when  a  specific  prop  has  not  been 
picked  and  it  is  desired  to  use  “reasonable"  values  of  efficiency 

npiND  =  1  -  This  option  permits  the  user  to  input  a  table  repre- 

senting  the  per forma nee  of  the  propeller  throughout  the  flight 
envelope  with  the  exception  of  DESCENT  (SGTIND  =  5)  for  which 
a  value  of  is  input  as  before.  For  all  other  performance 

segments  the  table,  input  in  the  format  of  Cp  (prop  power  coef¬ 
ficient)  as  a  function  of  CT  (prop  thrust  coefficient)  and  J 

(advance  ratio),  is  used.  The  table  which  is  prepared  must 
include  all  compressibility  losses  for  the  known  tip  speed  at 
which  the  propeller  is  intended  to  operate.  The  user  is 
cautioned  that  the  tabular  values  must  be  monotonic.  That  is, 
the  table  cannot  include  the  maximum  in  CT  which  reflects 

blade  stall  at  high  values  of  Cp.  This  must  be  faired  out  as 

shown  in  the  sketch  below. 


The  advantage  of  this  option  is  that  it  permits  the  user  to 
input  the  performance  of  a  real  propeller  as  determined  from 
test  data. 


OpIND  =  2  -  Through  use  of  this  option  the  program  will  auto¬ 


matically  calculate  the  performance  of  a  wide  variety  of  V/STOL 
propellers.  The  user  need  only  specify  the  number  of  blades 
(3  or  4),  the  activity  factor  per  blade,  and  the  integrated 
lift  coefficient,  Cr  .  The  method  used  for  the  calculation  of 

Li 

propeller  performance  is  the  "short  method"  originated  at  the 
Curtiss-Wright  Corporation's  Propeller  Division  (Reference  10). 
The  method  involves  the  use  of  a  set  of  equations  which  can  be 
developed  from  strip  theory.  These  equations  permit  the  pro¬ 
peller  performance  maps  ( C  ,  C?,  J)  to  be  transformed  into  an 


"equivalent"  lift-drag  polar  for  the  propeller.  Conversely, 
the  lift-drag  polars,  once  developed,  can  be  used  with  the 
equations  to  predict  the  propeller  performance.  For  incom¬ 
pressible  flow,  the  "equivalent"  lift-drag  polar  which  is 
used  depends  only  on  the  value  of  CL  being  considered. 

That  is,  for  a  given  Cr  the  same  polar  can  be  used  to 

Li 

accurately  represent  the  performance  of  props  with  a  wide 
variation  in  activity  factor  and  number  of  blades  and  for  a 
wide  range  of  Cp  and  J.  For  compressible  flow  conditions, 

the  curves  correlate  very  well  on  the  basis  of  the  value  of 
helical  Mach  number  at  the  3/4  radial  station.  The  equiva¬ 
lent  lift-drag  polars  which  are  contained  in  the  program 
were  developed  from  detailed  strip  analysis  calculations  for 
cruise.  These  detailed  calculations  covered  the  following 
range  of  parameters: 


Number  of  blades:  3  and  4 

Activity  factor/blade:  60  -  220 

Integrated  lift  coefficient,  :  0.15-0.7 


Although  the  user  is  permitted  to  input  values  of  activity 
factor  and  C.  greater  than  (or  less  than)  those  shown  above, 
Li 

the  level  of  confidence  in  the  predictions  is  reduced  when 
values  for  those  parameters  are  outside  the  range  used  in  the 
detailed  calculations. 


Figures  4-22a  and  4-22b  are  characteristic  of  the  level  of 
accuracy  obtained  from  the  short  ethod  when  compared  to  the 
detailed  calculations. 
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FIGURE  OF 
MERIT 
7. 


NOTE: 


SYMBOLS  ARE  FROM 
DETAILED  CALCULATIONS 


PROPELLER  POWER  COEFFICIENT 


Figure  4- 22a.  Comparison  of  "Short  Method"  and  Detailed 
Calculation  for  Propeller  Hover  Efficiency 
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NOTE:  SYt-JBOLS  ARE  FROM 
DETAILED  STRIP 
CALCULATIONS. 
SOLID  LINES  ARE 
PREDICTIONS  USING 
"SHORT  METHOD". 

3  BLADES,  Cj^  -  0.5 


4  ADVANCE  RATIO,  J 


Figure  4- 22b.  Comparison  of  "Short  Method"  and  Detailed 

Calculations  for  Propeller  Cruise  Efficiency. 
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This  option  will  calculate  the  propeller  performance  for  all 
mission  performance  segments  except  Descent  (SGTIND  =  5).  For 
Descent,  the  user  inputs  a  value  for  np5>  Figure  4-23  is  a 

flow  chart  of  subroutine  THRUST  which  calculates  the  propeller 
thrust  available  for  known  values  of  power  and  flight  speed. 
Figures  4-24  and  4-25  are  flow  charts  for  subroutines  POWER 
and  POWER I  in  which  the  power  required  for  specified  thrust 
and  flight  speed  is  calculated.  These  subroutines  make  use 
of  propeller  equivalent  lift-drag  polars,  as  mentioned  above, 
to  calculate  the  performance  of  the  propeller.  The  polars 
are  developed  in  the  main  control  loop  for  the  particular 
value  of  integrated  lift  coefficient,  C.  ,  being  studied 


from  the  following  equations: 


y 


tan-1  (CD/CL)  =  function  of  Mg,  CL, 


”h  =  helical  Mach  number  @  3/4  r/R 

C  =  equivalent  lift  coefficient  at  which  prop  is 
operating 

C_  =  integrated  lift  coefficient  of  prop 
Li 


For  Cruise 
y  -  i 


lo  +  alCLi  +  a2CLi 


V  al' 

and  are 


and  a2  are  coefficients  stored  in  the  program 

and  C_ 

u 


functions  of 


The  coefficients  aQ,  a2,  are  listed  in  Table  4-3. 


The  calculations  of  propeller  performance  for  npIND  *  1  and  2 

are  based  on  the  assumption  that  the  engines  are  inter¬ 
connected  by  a  cross  shaft.  That  is,  if  engines  are  shut 
down  during  cruise  and  loiter  the  remaining  power  is  evenly 
distributed  to  all  of  the  propellers. 
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Figure  4-23 .  THRUST  Subroutine  Flow  Chart  (Part  1  of  4) . 
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Figure  4-23.  THRUST  Subroutine  Flow  Chart  (Part  3  of  4) 
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Figure  4-23.  THRUST  Subroutine  Flow  Chart  (Part  4  of  4) 
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Figure  4-24.  POWER  Subroutine  Flow  Chart  (Part  2  of  3) . 
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Figure  4-24.  POWER  Subroutine  Flow  Chart  (Part  3  of  3) 
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Figure  4-25.  POWERI  Subroutine  Flow  Chart  (Part  1  of  3) 
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4.8  SIZE  TRENDS  SUBROUTINE 


The  size  trends  subroutine  calculates  the  trends  of  the  air¬ 
craft  geometric  dimensions  as  the  weight  of  the  aircraft 
changes  throughout  the  iterative  sizing  loop.  Figure  4-29 
displays  a  flow  chart  showing  the  options  available  within 
the  size  trends  subroutine. 

The  first  of  these  is  the  option  which  determines  main  rotor 
diameter  and  solidity.  It  is  possible  to  input  diameter  and 
solidity  directly,  or  combinations  of  disc  loading,  design 
CT/ar,  diameter,  and  solidity.  The  following  choices,  speci¬ 
fied  by  the  main  rotor  sizing  indicator,  RDMIND,  are  available: 


RDMIND  INPUT 

1  Diameter  and  solidity 

2  Disc  loading  and  solidity 


3  Diameter  and  CT/a 

4  Disc  loading  and  Ct /a 


If  main  rotor  solidity  is  calculated,  the  program  will  choose 
the  solidity  satisfying  the  most  critical  of  the  three  groups 
of  requirements  specified  by  input  locations  0182  -  0190. 

These  solidity  sizing  requirements  are: 

(a)  Solidity  sized  for  hover  conditions  (Input  (C^/a)n,  T/W) 

(b)  Solidity  sized  for  maneuver  conditions  (Input  cruise 
speed,  atmospheric  conditions,  maneuver  Ct/o,  and  rotor 
g  loading) 

(c)  Solidity  sized  for  cruise  conditions  (Input  cruise  speed, 
atmospheric  conditions,  cruise  G r/a,  and  rotor  loading 
(N)) 

If  so  desired,  the  user  may  dictate  which  of  these  solidity 
choices  the  program  makes  simply  by  manipulating  the  inputs. 
For  example : 


If  the  solidity 
sizing  choice 

desired  is :  Then  input: 

Hover  Desired  value  for  (Ct/cj)h»  (Ct/o)cr  “ 

1.0,  g rotor  *  .001,  N (Rotor  Loading)  « 

0.1  (  ) 
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Maneuver 


<CT^  *  1*°»  Paired  values  for  (C^/a  )CR 
and  9R0T0R/  N(Rotor  Loading)  -  0.1 


Cruise  (C^o  )H  *  1.0,  Desired  value  of  (C ^/a  )CR, 

Grqtor  =  0.001,  Desired  value  of  N(Rotor 
Loading ) 

As  noted  earlier,  two  basic  types,  the  single  <*nd  tandem  rotor 
helicopter,  can  be  sized  using  this  program.  The  following 
(beginning  with  the  single  rotor  helicopter)  provides  a  brief 
description  of  the  options  available  to  the  us<  r. 

Tail  rotor  diameter  may  be  input  directly,  or  calculated.  The 
choices  open  to  the  user  are: 

TRDIND 

0  No  tail  rotor  used  on  this  configuration 

1  Tail  rotor  diameter  calculated  using  a  trend 

2  Tail  rotor  diameter  input  directly 

3  Tail  rotor  diameter  calculated  based  on  an 

input  tail  rotor  disc  loading 

TRDIND  =  0  signifies  a  single  rotor  helicopter  without  a  tail 
rotor  (e.g.,  a  coaxial  rotor,  or  a  single  rotor  configuration 
employing  main  rotor  torque  cancellation  by  means  other  than  a 
tail  rotor  or  fan). 

The  tail  rotor  diameter  trend  used  when  TRDIND  =  1  is  illu¬ 
strated  in  Figure  4-26  (see  also  Reference  6).  The  tail  rotor 
disc  loading  input  when  TRDIND  =  3  does  not  include  vertical 
fin  sideload  losses. 

Tail  rotor  solidity  may  be  input  directly  or  calculated.  If 
calculated  (TRDIND  »  2),  the  tail  rotor  solidity  is  determined 
by  either  hover-antitorque  requirements  or  hovering-tum 
requirements  (including  tail  rotor  precession  effects,  see 
References  5  and  6).  The  former  is  obtained  by  setting  (yaw 
rate)  and  ip  (yaw  acceleration)  equal  to  zero. 

Yaw  moment  inertia  (Izz)  is  required  in  calculating  the  tail 

rotor  solidity  for  the  single  rotor  helicopter  in  a  hovering 
turn.  The  following  equation  is  included  in  the  size  trends 
subroutine  to  determine  the  aircraft  yaw  inertia. 
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MAIN  ROTOR  DISC  LOADING,  LB/FT 


Figure  4-26.  Tail  Rotor  Diameter  Sizing  Trend 


1 


2 

Where  Izz  =  Yaw  moment  of  inertia,  slug  ft 


W  =  Aircraft  design  gross  weight,  lb 
KZZZ  =  Iner‘t^a  adjusting  factor  (nominally  =  1.0) 

e  =  The  combined  sum  of  the  study  aircraft  fuselage 
length  and  the  cabin  length  measured  from  the 
nose  of  the  aircraft  to  the  end  of  the  cabin. 

0.115  =  Trend  constant  for  determining  the  single  rotor 

helicopter  yaw  moments  of  inertia. 

To  modify  the  equation  inertia  value,  enter  a  fractional  input 
in  the  Kzzz  block  (LOC  0213)  (entering  1.1  will  increase  the 

0.115  constant  by  10  percent,  entering  0.9  will  decrease  it  by 
10  percent,  etc.) 

K,pRS  (LOC  0215)  is  tail  rotor  solidity  multiplicative  factor. 

It  should  be  noted  that  the  tail  rotor  gross/net  thrust  ratio 
(C_  /C_  )  may  either  be  input  directly  or  calculated.  In 

G  NET 

the  latter  instance,  C_  /C_  is  set  equal  to  1.00  and  a 

G  NET 

value  of  the  induced  velocity  ratio  (C)  is  input.  Figure  4-27 
illustrates  typical  values  of  C  for  both  tractor  and  pusher 
tail  rotor  ( see  sketch  below ) . 
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DISTANCE  BETWEEN  FIN  AND  TAIL  ROTOR/TAIL  ROTOR  RADIUS  (»/r) 


Tail  Roto r/Ve r tic al  Tail  Fin  Interference  Data 
(Part  1  of  2) . 


INDUCED  VELOCITY  RATIO  (Cl 


Figure 


4-27. 


Tail  Rotor/ (Pusher  Tail 
Interference  Data  (Part 


Rotor)  Vertical  Tail  Fin 
2  of  2) . 


Note  the  difference  in  variations  of  Z  for  the  two  different 
configurations.  At  low  tail  fin/rotor  separation  distances, 
the  "tractor"  values  of  C  are  sensitive  to  variations  in  tail 
rotor  CT.  Thus,  the  closer  the  tractor  tail  rotor  is  located 

to  the  fin,  the  larger  the  error  (admittedly  small  to  begin 
with)  involved  in  calculating  C_  /CT  ,  since  the  user  must 

G  N  _ 

"guess"  what  tail  rotor  to  use  in  selecting  C.  The  "pusher" 

C  on  the  other  hand  is  a  function  only  of  the  fin/tail  rotor 
separation  distance. 

In  any  event,  use  of  this  option  is  desirable  in  that  tail 
rotor/fin  sideload  losses  are  matched  to  the  vertical  tail 
area  calculated  in  the  sizing  process.  Detailed  explana¬ 
tions  of  all  the  factors  involved  in  tail  rotor  design  and 
sizing  are  contained  in  References  5  and  6. 

Representation  of  a  single  rotor  helicopter  utilizing  a 
"Fenestron"  or  shrouded  tail  rotor/fan  is  provided  by  the  use 
of  inputs  (LOC  0282),  FANOPH  (LOC  0283),  and  FANOPc 

(LOC  0284). 


Such  shrouded  tail  rotor/fans  can  provide  the  same  thrust  as 
a  larger  diameter  unshrouded  rotor  for  a  given  power  input. 
This  is  achieved  by  "sharing"  the  total  tail  rotor  thrust 
requirement  between  the  rotor  and  the  shroud,  the  fractional 
split  <tshroud/ttotal)  depending  on  such  factors  as  shroud 

length/fan  diameter,  duct  inlet  lip  shape,  etc.  The  ratio 
of  the  equivalent  diameter  unshrouded  rotor  to  the  shrouded 
rotor/fan  diameter  can  be  related  to  the  rotor/shroud  thrust 
split  by  the  following  relationship: 


dtre/°fan 


Typical  values  of  TSHR0UD/TX0TAL  range  from  .3  to  .5  (result¬ 
ing  in  values  of  =  1.2  -  1.4). 


Setting  FANOPH  or  FANOPc  equal  to  1.0,  allows  representation 

of  tail  rotor/fan  shutdown  in  hover  and  cruise  flight  respec¬ 
tively  . 


( 
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The  vertical  tail  size  may  be  determined  in  three  ways.  If 
VTFIND  =  1,  aspect  ratio  and  tail  fin/tail  rotor  overlap  is 
input.  If  VTFIND  =  2,  tail  fin/tail  rotor  overlap  and  con¬ 
figuration  directional  stability  requirements  are  input.  If 
VTFIND  =  3,  the  input  is  the  same  as  with  VTFIND  =  2,  with  the 
exception  that  AR^  is  specified  instead  of  tail  rotor/fin 

overlap.  These  latter  two  options  are  important  in  that  they 
allow  the  user  to  size  the  vertical  tail  to  meet  cruise  anti¬ 


torque  requirements  at  specified  conditions  (C. 


VDes>  in 


the  event  of  tail  rotor  loss.  It  should  be  noted  that  C 

‘■'Des 


is  assumed  to  represent  the  total  lift  coefficient  developed 
by  a  conventional  tail  fin  in  sideslip,  ox  a  tail  fin  with  a 
variable  camber  device  (i.e.,  a  rudder  or  x'lap)  deployable 


under  these  circumstances. 


The  horizontal  tail  size  is  an  input  and  must  be  specified  as 
planform  area  (option  HTIND  =  1)  or  tail  volume  V0  (option 

HTIND  =  2 )  defined  as  follows : 


V  =  16 *TH  SHT 

*  2  dmr3 


Where:  i  =  distance  from  the  main  rotor  hub  to  the  aero¬ 

dynamic  center  of  the  horizontal  tail  -  ft 


D 


MR 


=  main  rotor  diameter  -  ft 


The  horizontal  tail  is  designed  to  achieve  angle  of  attack  as 
well  as  speed  stability  of  the  helicopter.  The  planform  area 
required  to  achieve  an  acceptable  longitudinal  stability  level 
is  a  function  of  the  design  gross  weight,  type  of  rotor  system, 
tail  rotor  cant  angle  and  tail  moment  arm  as  illustrated  by  the 
sizing  trends  for  current  helicopters  presented  in  Figure  4-28. 
These  trends  represent  a  design  criteria  of  approximately  neutral 
static  longitudinal  stability  at  u  >  .2.  As  illustrated  in  this 
figure,  aircraft  with  hingeless  or  articulated  rotor  systems 
require  larger  tail  areas  than  aircraft  with  teetering  rotors 
due  to  the  larger  destabilizing  hub  moment  associated  with 
locating  the  flapping  hinge  outboard  of  the  center  or  rotation. 
The  largest  tail  size  is  required  for  configurations  employing 
canted  tail  rotors  because  of  their  large  aft  c.g.  range. 


For  preliminary  design  studies,  the  sizing  trends  shown  in 
Figure  4-28  can  be  used  to  define  the  inputs  SOT  or  VH;  however 

an  estimate  of  design  gross  weight  and  moment  arm  is  required. 

As  noted  in  Table  4-4,  the  ratio  f°r  current  helicop¬ 

ters  is  on  the  order  of  1.0  to  1.2.  The  main  rotor  radius  (R^) 
can  be  defined  from  gross  weight  and  disk  loading  estimates. 
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Figure  4-28.  Horizontal  Tail  Sizing. 


TABLE  4-4.  PRODUCTION  HELICOPTER  HORIZONTAL  TAIL  PARAMETERS. 


TYPE  Of  ROTOR 

AIRCRAFT 

DESIGN  GROSS 
WEIGHT-LB 

MAIN  ROTOR 
DIAHETER-FT 

TAIL  AREA 
-  FT2 

Cth/EMR 

ARTICULATED  & 

OH-6A 

2200 

26.3 

6.7 

1.09 

PLEXSTRAP 

UH-19 

7200 

53 

4.5 

1.09 

HH-52A 

7900 

53 

7.2 

1.17 

SH-34 

nooo 

56 

10.7 

1.01 

SH-3A 

17000 

62 

20 

1.21 

S-SlL 

19000 

62 

27 

1.21 

SA321 

24000 

62 

25.5 

1.23 

CH-37 

30000 

72 

1.22 

CH-53A 

35000 

72 

1.22 

CH-54A 

38000 

72 

1.22 

86000 

114.8 

BIHI 

1.0 

SINGE LESS 

BO-105 

5070 

Kim 

.93 

■m 

1.23 

CH-S3E 

■ 

46000 

79 

121  ' 

1.10  | 
J 

CRETE  RING 

2  06 A 

3000 

33.3 
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For  detailed  design  studies,  further  analyses  of  aircraft  lon¬ 
gitudinal  stability  is  required  prior  to  finalizing  the  tail 
design.  This  is  particularly  true  for  winged  and  compound 
helicopters  where  wing  and  auxiliary  propulsion  effects  must 
be  considered. 

Forward  rotor  pylon  dimensions  are  specified  directly  (input 
LOCS  0152  -  0156). 

The  computer  program  calculates  the  length  and  wetted  area  of 
the  fuselage  based  upon  input  values  of  cabin  length,  cabin 
mean  diameter,  fineness  ratios  of  the  pilots  section  and  tail 
section,  and  calculated  tail  boom  dimensions.  The  tail  boom 
length  is  established  by  the  tail  rotor  diameter,  the  need 
to  maintain  a  reasonable  gap  between  the  main  and  tail  rotor 
discs  and  the  relative  position  of  the  main  rotor  on  the 
fuselage.  This  position  (XmA B  -  LOC  0128)  may  either  be 

input  (MRPIND  =  0)  or  calculated  (MRPIND  =  1,  2),  using  a 
simple  weight-balance  subroutine.  If  MRPIND  =  1,  the  pro¬ 
gram  calculates  main  rotor  positions  based  on  simple  mass 
balance.  The  relative  positions  (from  the  aircraft  nose) 
of  the  various  aircraft  components  (engines,  primary  drive 
system,  etc.),  must  be  input  (LOCS  2678-2696).  If  MRPIND  =  2, 
the  program  calculates  main  rotor  positions  based  on  simple 
mass  balance  as  in  MRPIND  =  1,  except  for  the  case  of  a  com¬ 
pound  helicopter,  the  auxiliary  drive  system,  propeller  and 
auxiliary  independent  engines  are  assumed  to  be  located  on 
the  wing.  Additional  increments  of  fuselage  wetted  area  (to 
account  for  miscellaneous  bulges,  fairings,  etc.)  may  be  input 
through  the  use  of  ^Swet/SF  (LOC  0120)  and  &Swet  (LOC  0121). 

A  single  rotor  helicopter  without  a  tail  rotor  (e.g.,  a  coaxial 
rotor)  may  be  sized  by  setting  TRDIND  =0.  In  this  case,  fuse¬ 
lage  dimensions  are  input  as  before,  with  the  exception  of  the 
tail  boom.  Tail  boom  length  is  determined  by  the  relative 
position  of  the  mair  rotor  on  the  fuselage  and  the  horizontal 
distance  between  the  tip  of  the  tail  boom  and  the  main  rotor 
disc.  This  distance  is  input  in  the  location  (LOC  0214)  used 
for  specifying  the  main/tail  rotor  disc  gap  for  conventional 
single  rotor  helicopters.  Note  that  this  dimension  can  be 
either  positive  or  negative,  the  latter  defining  a  configura¬ 
tion  where  the  empennage  carried  by  the  tail  boom  lies  under 
the  main  rotor  disc.  In  addition,  VTFIND  (LOC  0017)  must  be 
input  as  1,  vertical  tail  area  being  calculated  from  input 
values  of  AR^  (LOC  0135)  and  vertical  tail  span  (when 

TRDIND  =  0,  vertical  tail  span  (in  feet)  is  input  in  LOC  0139 
(Kz)). 
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Three  options  are  available  for  sizing  a  tandem  rotor  helicop¬ 
ter  fuselage.  These  options,  specified  by  the  indicator 
FDMIND,  are: 

FDMIND  Input  Calculated 

1  ( (0/L)/D) ,  forward,  aft  rotor  fuselage  length  (  «*.) 

positions 

2  ( ( 0/L )/D ) ,  cabin  length  Uc)  fuselage  length  ( 1^) 

forward  &  aft  rotor 
positions 

3  cabin  length  (Iq)>  forward  ((0/L)/D),  fuselage 

and  aft  rotor  positions  length  (£F) 

In  cases  (FDMIND  =  1)  where  the  calculated  cabin  length  is, 
less  than  zero,  an  error  statement  is  printed  and  the  case 
terminated.  Likewise,  if  the  rotor  overlap/diameter  ratio 
exceeds  either  +0.5  or  -0.5,  the  case  is  terminated. 

The  aft  rotor  pylon  dimensions  may  either  be  input  directly 
(APHIND  =  1)  or  calculated  (APHIND  =  2)  based  on  an  input  of 
rotor  gap/stagger  ratio.  The  forward  pylon  dimensions  are 
input  directly  as  in  the  case  of  the  single  rotor  helicopter. 

In  the  case  of  a  compound  helicopter,  propeller  dimensions 
and  characteristics  (i.e.,  AF,  blade  number,  CL  ,  etc.  )  are 
input  directly.  ui 

Wing  sizing  options  are  divided  into  two  groups,  those  for 
determining  wing  area  (S^IND)  and  those  for  determining  wing  span 

(bwIND).  Wing  area  may  either  be  input  directly  (SWIND  =  1), 

calculated  based  on  an  input  wing  loading  (SWIND  =2),  or  sized  to 

meet  a  maneuver  requirement.  In  the  latter  case,  the  wing  size  is 
dictated  by  the  need  to  carry  the  difference  between  the  overall  g 
requirement  (LOC  0188)  and  the  maneuver  g's  (LOC  0189)  carried  by 
the  main  rotor (s).  Wing  span  may  be  determined  on  the  basis  of  an 
input  wing  span/rotor  diameter  ratio  (b^IND  =  1 ) ,  an  input  aspect 

ratio  (bWIND  =  2);  or,  in  the  case  of  a  compound  helicopter  with 

wing  mounted  propellers,  on  the  basis  of  propeller  tip/fuselage 
clearance  considerations  (b^IND  =3). 

The  dimensions  of  the  primary  and  auxiliary  independent  engine 
nacelles  are  determined  by  the  horsepower  or  thrust  level  of 
the  engines.  Separate  input  constants  z^,  z2,  z3,  z4,  z§  and  z 6 

are  used  to  calculate  the  size  of  the  nacelles. 


Diameter  (ft) 

length  (ft)  « 


wetted  area  (ft2)  =  Np  ir(dia)  (length) 
Auxiliary  independent  engine  nacelles 

* — ■  pg”  -  [sg1,! 

,  fSHPO  1/2  Ip 

length  (ft)  »  z5  +  z6  U&—  or  ,  ,  , 

PPi]  5  6  K 

wetted  area  (ft2)  -  NPi  Tt  (dia)  (length) 


Figure  4-29  shows  a  flow  chart:  of  this  subroutine 


Figure  4-29.  SIZTR  Subroutine,  Flow  Chart  (Part  2  of  12) 
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Figure  4-29.  SIZTR  Subroutine,  Flow  Chart  (Part  9  of  12) 


Figure  4-29. 


Figure  4-29.  SIZTR  Subroutine,  Flow  Chart  (Part  12  of  12) 
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4.9  AERODYNAMICS  CALCULATIONS  SUBROUTINE 


The  aerodynamics  subroutine  calculates  a  series  of  factors 
(a5,  ag,  a7,  ag,  and  a 9)  which  are  used  in  the  calculation  of 
drag.  The  drag  calculation  has  been  written  in  the  most  gen¬ 
eral  manner  possible.  Drag  is  assumed  to  be  divided  into 
profile/  induced/  and  interference  components;  namely , 


FeT0T  -  a5  +  ag  C^.  Sw  +  a7  C i^2  Sw  +  ag  CLpj^ 

- - i ^ — - - '  v - v“~ 


°VT 


‘"IF 


v  V  v 

Wing  Profile  Wing  Induced  Vertical  Tail 
Drag  Draa  Induced  Draa 


Drag 


Induced  Drag 


where , 


FeT0T  *  Total  configuration  equivalent  flat  plate  drag 
area 


ag  *  Basic  configuration  flat  plate  drag  area  (including 
fuselage,  rotor  hubs,  rotor  pylons,  etc). 

a6  -  %  [fw  (Re) ] 

a7  »  1/ne  AR 

a9  -  1/IIe^  ARy^,  TFEF 

FejP  *  Rotor/wing  interference  equivalent  flat  plate  drag 
area  (calculated  by  the  program  using  simplified 
Prandtl  Bi-Plane  Theory) . 


The  basic  configuration  flat  plate  drag  area  may  be  calculated 
in  two  different  ways:  by  a  detailed  build  up,  or  by  a  trend 
(see  Figure  4-30  ) .  The  wing  profile  drag  is  assumed  to  be  a 
function  of  lift  coefficient,  as  specified  by  an  input  table. 

If  the  user  elects  to  determine  the  basic  configuration  flat 
plate  drag  area  (as)  by  build  up  (DRGXND  ■  1) ,  then  profile 
drag  coefficients  (0^..,  Cq—,,  etc.)  and  form  factors  (Kg?, 

Ky r»  etc.)  for  eachr'coAponent  are  input  to  the  program,  ag 
then  being  calculated  from  the  following  relationship: 


.00287  Kf  Sf  [fF  (Re)} 

N —  -y-  -  —  S 

Fuselage  Profile  Drag 


+  KFp  C 


dtp  fk 

V 


FP 


Forward  (Main)  Rotor  Pylon 
Profile  Drag 
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GW/Fe 


Figure  4-30.  Parasite  Drag  Buildup  Options. 


+  K*P  CDap  Sap  [£ap  (Re)  1  +  v  Kyr  Cp^  Syr  £fy»r  (Re)) 


Aft  Rotor  Pylon 
Profile  Ora? 


Vertical  Fin  Profile  Ora? 


+  KHt  CDht  Sot  tfHT  (Re) 1  +  KN  Cj^  SN  [fN  (Re)] 


Horizontal  Tail 
Profile  Dra? 


Primary  En?ine  Nacelle (a) 
Profile  Dra? 


+  KNI  CDni  SNI  ^fNI  (Re^  t  KNS  CDns  SNS  tfNS  (Re)1 


Auxiliary  Independent 
En?ine  Nacelle  Profile 
Dra? 


Auxiliary  Independent 
En?ine  Nacelle  Strut 
Profile  Ora? 


+  4FeM»H  Hs  +  ireTRH  +  4Pe  [fp  (He)] 


Main  Rotor  Hub (a)  Tail  Rotor  Miscellaneous 

Total  Dra?  Hub  Total  Dra? 

Dra? 

NOTE:  If  OPTIND-2,  A5*AFe 

The  terms  fw  (Re) ,  fF  (Re),  fyT  (Re),  etc.,  are  Reynolds 
number  functions  for  the  win?,  fusela?e,  vertical  tail,  etc., 
which  reflect  the  variation  of  skin  friction  coefficient  with 
Reynolds  number.  The  function  which  is  used  is  a  normalized 
form  of  the  Prandtl-Schlichtin?  turbulent  flat  plate  skin 
friction  equation: 


f  (Re) 


Cf 

^fRe-lO? 


11  +  T  log10  T7T1 


-2.6 


The  pro?ram  user  inputs  a  value  for  avera?e  Reynolds  number 
per  foot  for  the  mission  and  the  pro?ram  then  calculates  the 
Reynolds'  number  for  each  component  of  the  aircraft  and  uses 
the  Reynolds'  number  functions  (Re),  fF  (Re),  etc.,  to 
determine  the  variation  in  component  dra?  as  the  aircraft 
dimensions  chan?e  durin?  the  iteration  on  ?ross  wei?ht.  The 
individual  profile  dra?  coefficients,  Cpy-,,  Sdht<»  etc.,  are 
input  at  a  reference  Reynolds  number  ofv  10'. 

Particular  care  must  be  exercised  in  the  input  of  data  re¬ 
quired  for  calculatin?  the  hub  dra?,  as  this  particular  compo¬ 
nent  can  typically  account  for  as  much  as  1/2  to  2/3  of  the 
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total  parasite  drag  of  a  helicopter.  The  hub  drag  calculation 
method  (Reference  8)  used  in  this  program  is  based  on  the 
following  relationships: 


AFe 


HUB 


Hub  center 


Rotor  Misc 

shanks  hub/ shank. 


Interference 


where : 


Fe 


HUB 


CS 


Fe 


SH 


f 

f 


(Hub  projected  frontal 


area) 


} 


Number  of  shanks,  shank  - 

projected  frontal  area,  and  local 
advance  ratios  at  the  hub/shank  ■> 
and  shank/ rotor  blade  interfaces  V 


Typical  values  of  hub  center  section  and  shank  drag  coeffi- 
cients  are  illustrated  in  Figure  4-31.  A  few  notes  of  caution 
on  the  use  of  values  such  as  are  contained  in  Figure  4-31  is 
in  order.  First,  estimates  of  the  Reynolds  number  of  the  hub 
or  shank  sections  to  be  used  should  be  made  in  order  to  estab¬ 
lish  whether  the  sections  are  sub  or  super  critical.  Second, 
while  2-dimensional  section  drag  coefficients  are  appropriate 
for  use  with  shanks  of  extended  length,  test  data  indicates 
that  3-dimensional  coefficients  are  more  representative  for 
low  aspect  ratio  shanks  bounded  by  lower  drag  shapes  (for  ex¬ 
ample,  a  short  stubby  shank  bounded  on  one  side  by  a  faired 
hub  and  on  the  other  side  by  the  root  end  of  the  rotor  blade) . 
Figure  4-32  illustrates  the  hub  geometry  and  interference  drag 
factors  implicitly  assumed  in  this  program.  If  the  actual  hub 
geometry  or  interference  drag  variation  desired  by  the  user 
differs  appreciably  from  these,  the  differences  can  be  re¬ 
flected  by  ratioing  the  input  drag  coefficients  Cdcsmr,  cDshmr' 
C°CSTR'  and  C%MTR  accordingly.  Table  4-5  summarizes  these 
corrections . 


If  it  is  desired  to  calculate  as  by  use  of  a  drag  trend 
(0R6IND  »  2),  the  following  relationship  then  obtains: 
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INFLUENCE  OF  CROSS  SECTION  SHAPE  ON  SHANK  DRAG 
COEFFICIENTS  (CYLINDERS  AT  SUPERCRITICAL  REYNOLDS  NO.) 


j 


o 


FINENESS 

RATIO 

1:2 

1:1 

2:1 


0 

o 

o 


1.00 

.35 

.15 


□ 


2.30 

2.00 

1.40 


0 

o 


1.80 

1.50 


O  1.10 


SECTION 

DRAG 

COEFF. 


*  cD 


CORNER  RADIUS  ^  INCHES 
(FOR  8  IN.  FRONTAL  THICKNESS) 


Figure  4-31.  Typical  Hub  and  Shank  Drag  Coefficients 
(Part  1  of  2) . 


HUB  CENTERSECTION  DRAG  COEFFICIENTS 


CH-47  HUB  (INCLUDING  INTERFERENCE) 

@  Op USE  Cg  *  1.61 

@  a SHAFT  *  0  Cg  *  1.91 

CH-47  HUB  (WITH  INTERFERENCE  CORRECTION) 

BASED  ON  STATIC  AREA  CD  -  1.03 

BASED  ON  ROTATING  AREA  CD  =  .88 

DKTS/12 '  DIA.  -  3/6  BEADED  ROTOR  HUB  (NO  INTERFERENCE) 
BASfeD  ON  STATIC  AREA  CD  *  1.03 

BASED  ON  ROTATING  AREA  Cg  =  .88 

NASA  MEMO  1-31-59L  (NO  INTERFERENCE) 


BASED 

ON 

ROTATING  AREA 

HUB 

1- 

CYLINDRICAL  HUB 

CD 

* 

.65 

HUB 

2 

TWO  BEADED  TEETERING  HUB 

CD 

= 

.63 

HUB 

3 

HILLER  SERVO  ROTOR  HUB 

cD 

* 

.70 

HUB 

4 

H-19  HUB 

CD 

.72 

HUB 

5 

HUP -2  HUB 

CD 

= 

.55 

NOTE:  HUB  CENTERSECTION  COEFFICIENTS  ARE  GENERALLY  LOWER 

THAN  MIGHT  BE  EXPECTED  SINCE  CENTERSECTION  IS  USUALLY 
MORE  TYPICAL  OF  3  DIMENSIONAL  RATHER  THAN  2  DIMENSIONAL 
FLOW 


SHAPE  Cp  §  SUBCRITICAL  REYNOLDS  NO. 

3-DIMENSIONAL  2-DIMENSIONAL 

TYPICAL  OF  CENTERSECTION  TYPICAL  OF  SHANKS 


O 

.47 

1.17 

O 

o 

00 

• 

1.55 

□ 

1.05 

2.05 

1 

1.17 

1.98 

Figure  4-31. 

Typical  Hub  and  Shiuik 
(Part  2  of  2)  . 

Drag  Coefficients 
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MAIN  ROTOR 


£ 

ROTATION 


^UB 


'SHANK 


SHANK 


HUB 

CENTER  SECTION 


SHANK 


ROTO 

BLAD 


ASSUMED : 


- r- 

- XMR-* 

(INPUT  LOC  0179) 


1*  tHUB^SHANK  “ 

2  •  tSHANK  *  fcBLADE  ?  *  2?R 

I  °MR  (INPt 

3.  HUB  DIA  =  2  X^  ^-r"J 

4.  HUB  FRONTAL  AREA  =  HUB  DIA  X  tflUB 

s  f  Omr) 

5.  SHANK  FRONTAL  AREA  *  (Xq®  -  Xmr)  ^  2  j 

6  •  *  1.00 

5. 

ROTATION  , 


- ^MR - 

(INPUT  LOC  0178) 


SHANK 


TAIL  ROTOR 


I^HUB 


SHANK 

HUB 

CENTER  SECTION 

_ 3 

SHANK 

L_ 

7 

SHANK 
-  ROTOR 


ASSUMED:  J  | 

1.  tHUB/ tSHANK  -  3.0 

2.  (t/c)  SHANK  »  .10 

f^R) 

3.  HUB  DIA  -  2  Xtr  [-“5“] 

4.  HUB. FRONTAL  AREA  *  HUB  DIA  X  tHUB , 

5.  SHANK  FRONTAL  AREA  -  (Xc^  -  *rR)  I  tSHANK 

6.  KiNT  *  1.00 

Figure  4-32.  Rotor  Hub/Shank  Geometry  Ueed  in  Program  for 
Hub  Drag  Calculations . 
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TABLE  4-5.  HUB  AND  SHANK  DRAG  COEFFICIENTS  CORRECTION  SUMMARY 


NUMERATORS  SHOW  ACTUAL  HUB/SHANK  CHARACTERISTICS  DESIRED 
DENOMINATORS  SHOW  FIXED  CHARACTERISTICS. 


where , 


W qq  -  Initial  "guess"  at  iterated  helicopter  gross  weight 
J  (input  LOC  0023}  Note,  this  is  also  the  value  of 
gross  weight  at  which  the  input  value  of  (GW/Fe)  is 
obtained.  (See  sketch  below) 

WG  *  "Iterated"  or  final  design  gross  weight  of  the 
aircraft. 

(GW/Fe)  =  "Drag  Loading"  input  at  a  given  gross  weight  (in 
this  case  W Gq) . 

KFED  “  Exponent  defining  the  slope  of  a  typical 
logarithmic  drag  trend. 

The  following  sketch  should  serve  to  illustrate  these  facts 
more  clearly. 


Figure  4-33  illustrates  typical  parasite  drag  area  trend  for 
various  helicopters  and  fixed-wing  aircraft. 

The  drag  routine  may  be  used  in  many  different  ways.  The  four 
most  common  applications  are: 

1.  Drag  Build  up  for  a  New  Aircraft  Design  -  This  is  best 

illustrated  by  first  referring  to  the  complete  drag  break¬ 
downs  of  the  hypothetical  helicopters  shown  in  Tables  4-6 
and  4-8.  The  input  Co  for  each  component  (Cowi/  DHTi» 
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1.  Advanced  drag  cleanup  (e.g.  faired  hubs,  low  drag  or 
retractable  landing  gear  etc.). 

2.  Current  standard  of  landing  gear,  hub  design,  skin 
finish  etc. 

3.  Unfaired  landing  gear,  hubs,  protuberances,  poor  body 
shape ,  etc . 

4.  Exceptionally  dirty  configuration  due  to  such  things 
as  open  construction,  exceptionally  dirty  engine 
installation,  landing  gear,  etc. 

NOTE:  The  drag  area  for  the  winged  aircraft  excludes  the  CpA 
of  the  wings,  to  be  compatible  with  the  helicopters. 


Figure  4-33.  Typical  Parasite  Drag  Trends. 
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etc . )  may  be  used  to  represent  the  reference  Cf  at  Re  * 
10?  and  at  the  mean  flight  Mach  number.  Drag  increases 
above  the  drag  of  a  flat  plate  such  as  three  dimensional 
effects,  interference,  roughness,  and  excrescences  may  be 
accounted  for  by  the  multiplying  factors  (%,  Ku<y,  etc.). 
Miscellaneous  drag  increments  can  be  summed  and  input  as 
AFe.  Examples  of  these  increments  are  cooling  momentum, 
trim,  and  airconditioning.  The  K  factor  for  wings  and 
tails  should  include  a  factor  for  relating  the  wetted 
area  of  the  surface  to  the  planform  area.  An  example  of 
the  program  inputs  for  the  hypothetical  helicopters  of 
Tables  4-6  and  4-8  are  shown  in  Tables  4-7  and  4-9. 


2 .  Study  of  the  Sensitivity  of  Aircraft  Size  with  Respect  to 
the  Component  Drag  or  the  Total  Drag  about  a  Certain  Drag 
Level  -  Let  the  total  drag  of  each  component  be  contained 
in  the  drag  coefficient  of  each  component,  Cowi»  C^irri' 
cDVTi»  etc.  The  change  in  drag  of  each  component  will 
then  be  determined  by  the  values  assigned  to  the  component 
multiplying  factor,  Kw,  Kht*  kVT»  etc.  The  fuselage  drag 
change,  however,  will  have  to  be  represented  by  an  incre¬ 
mental  value  of  Afe. 

3.  Use  of  Component  Drag  Data  from  Wind  Tunnel  Test  -  Let  the 
drag  of  each  component  (including  interference i be  con¬ 
tained  in  the  component  drag  coefficient,  Cowi*  CDHTi > 
CoVTi/  etc.  The  skin  friction  drag  must  first  be  corrected 
to  Re  *  107.  The  drag  increase  due  to  items  found  only  on 
the  full  scale  airplane  would  then  be  represented  by  the 
factors  and  increments.  Increases  due  to  excrescences  and 
roughness  are  represented  by  the  factors,  Kw,  Kht*  Kvt* 
etc.  Increments  such  as  inlets,  cooling,  trim,  and  after¬ 
body  drag,  can  be  summed  and  represented  by  Afe. 

4.  Simplified  Drag  Model  for  Parametric  Studies  -  The  program 
is  often  used  to  study  the  influence  of  variations  of 
parameters,  such  as  disc  loading,  solidity,  etc.  on  the 
size  of  a  helicopter.  During  these  studies,  it  is  often 
not  desirable  to  go  into  the  design  depth  required  in  the 
three  applications  above.  Use  of  the  drag  trends 
(DRGIND  *  2)  is  therefore  dictated  by  this  requirement. 

Figure  4-34  is  a  flow  chart  of  this  subroutine. 
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TABLE  4-6. 


DRAG  BREAKDOWN  FOR  HYPOTHETICAL  SINGLE  ROTOR 

COMPOUND  HELICOPTER  R  /FT  =  1.56xl06  (V  -  189  KT) 

6 


FUSELAGE 

3-Dimensional  Effects 

Excrescences 

Canopy 

Afterbody 


MING 

3-Dimensional  Effects 
Excrescences 

Flaps,  Slats,  Ailerons,  Spoilers 
Body  Interference 


MAIN  ROTOR  PYLON 

Basic  F,  (including  interference  and 
3-D  effects)  Cq_  (Based  on  frontal 
area)  -  0.10  ° 

Excrescences 


HORIZONTAL  TAIL 

3-Dimensional  Effects 

Excrescences 

Interference 


VERTICAL  TAIL 

3-Dimensional  Effects 

Excrescences 

Interference 


PRIMARY  ENGINE  NACELLES 
3-Dimensional  Effects 
Excrescences 
Interference 
Inlets 


ROTOR  HUBS  (TOTAL) 

Main  Rotor  Hub  (center  section) 

Main  Rotor  Hub  (shanks) 

Tail  Rotor  Hub  (center  section) 

Tail  Rotor  Hub  (shanks) 

Total  Interference  (main  a  tail  rotor) 


Roughness  (50%  of  Cf 
co  Cooling 


jAir  Conditioning 


25.0 

0.18 

75.0 

0.55 

0.26 

NOTES »  (1)  Basic  f#  -  (CfA^)  *  (3-D  Effects  Af#) 

(2)  Excrescences  and  interference  are  I  of  basic  f 


TABLE  4-7.  SUMMARY  OF  AERODYNAMICS  INPUT  FOR 
COMPOUND  HELICOPTER  OF  TABLE  4-6 


Cooling,  Aircgnditioning ,  and  nacelle  inlets  included  in  fuselage  if 


TABLE  4-8.  TYPICAL  DRAG  SUMMARY 
DRAG  BREAKDOWN  FOR  HYPOTHETICAL  TANDEM  ROTOR 
WINGED  HELICOPTER  R  /ft  -  1.49x10s  (V  -  181  KT) 

_ e_ _ 


COMPONENT 

WETTED 

AREA 

Cf 

INCREMENT 

ft  FT2 

t 

£e 

FUSELAGE 

3-Dimensional  Effects 

Excrescences 

Canopy 

Afterbody 

1640. 

0.00208 

3.41 

6.52 

12.2 

7.0 

0.42 

0.27 

0.20 

2.22 

WING 

3-Dimensional  Effects 

Excrescences 

Flaps,  Slats,  Ailerons,  Spoilers 

Body  Interference 

389. 

■  0.0030 

1.77 

29.3 

2.0 

15.2 

6.34 

0.03 

0.24 

FORWARD  PYLON 

Basic  Cm  (including  interference  and 

3-D  effects)  Cn_  (Based  on  Frontal 

Area)  -  0-15  ° 

Excrescences 

41.5 

1.C9 

(Frontal 
Area  * 
9.5  Ft2) 

20.0 

i.41 

0.28 

AFT  PYLON 

3-Dinensional  Effects 

Excrescences 

Interference 

421. 

0.00252 

1.06 

2.38 

46.4 

20.0 

33.5 

0.49 

0.31 

0.52 

PRIMARY  ENGINE  NACELLE 

3-Dimensional  Effects 

Excrescences 

Interference 

Inlets 

188, 

0.00278 

0.52 

1.72 

40.4 

25.0 

75.0 

0.21 

0.18 

0.55 

0.26 

ROTOR  HOBS  (TOTAL) 

Main  rotor  hub  (center  section,  total) 
Main  rotor  hub  (shanks,  total) 

Nub/Shank  Interference  (total) 

1 

10.4 

7.78 

1.30 

19.48 

MXSC 

Roughness  (5.0%  of  C.A,— «) 

Cooling  ' 

Trial 

Air  Conditioning 

1 

0.45 

0.50 

0.30 

1.25 

TOTALS  ft2 

2679.5 

34.81 

NOTES:  (1)  Basic  f#  -  (cfAWET)  ♦  (3*°  Ef facta  Af#) 

(2)  Exerascancas  and  lntarfaranca  ara  %  of  basic 


i 
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OF  AERODYNAMICS  INPUT  FOR  HELICOPTER  OF  TABLE 


HI SC  I  Cooling,  air  conditioning  and  nacelle  inlets  included  in  fuselage  AF 


fckdEfll 


4-34.  AERO  Subroutine,  Plow  Chart  (Part  3  of  4) 


1 

A. 


4.10  ENGINE  SIZING  SUBROUTINE 

'v  -  The  engine  cycle  performance  data  included  in  the  engine 

library  consists  of  detailed  performance  maps  of  power  (or 
thrust),  fuel  flow,  Nj ,  and  Njj.  The  data,  as  shown  in  Table 

4-1,  is  in  normalized,  referred  format.  In  particular,  horse¬ 
power  is  normalized  with  respect  to  the  value  of  power  at  the 
maximum  static  rating  at  sea  level,  standard  day  conditions. 
Thrust  is  similarly  normalized  to  the  maximum  static  thrust 
at  sea  level  for  standard  day. 

The  engine  sizing  subroutine  calculates  the  value  of  the 
scaling  factors;  namely,  the  maximum  static  thrust  or  power 
(S.L.,  std.).  If  so  desired,  the  user  may  study  a  helicopter 
with  fixed  rather  than  11  rubberized"  primary  engines.  This  is 
accomplished  by  means  of  the  indicator  FIXIND.  If  FIXIND  *  0, 
the  user  inputs  the  maximum  (installed)  power  of  the  primary 
engines.  If  FIXIND  3  1,  the  engine  sizing  subroutine  calcu¬ 
lates  the  installed  power. 

A  variety  of  different  criteria  are  often  applied  to  determine 
engine  size  requirements.  These  criteria,  differing  as  they 
do,  can  generally  be  related  by  a  single  factor  For  a  takeoff 
condition  this  factor  is  the  value  of  equivalent  required 
thrust- to-weight  ratio.  Similarly,  engine  sizing  requirements 
for  forward  flight  can  be  related  to  a  set  of  cruise  conditions; 

'  namely,  cruise  altitude  and  true  airspeed. 

Engine  sizing  requirements  for  helicopters  are  generally  set 
by  takeoff  conditions,  and  less  frequently  by  forward  flight 
conditions.  The  program,  therefore,  permits  the  user  two 
options  of  calculation.  The  first  option  (ESCIND  3  1)  will 
calculate  engine  size  for  takeoff  conditions  only;  the  second 
option  (ESCIND  3  2)  will  calculate  engine  size  for  both  take¬ 
off  and  forward  flight  conditions,  compare  the  two,  and  pick 
the  more  critical  condition.  The  engines  are  sized  for  take¬ 
off  .to  provide  a  required  (input)  equivalent  thrust- to-weight 
ratio  with  a  specified  (input)  number  of  engines  inoperative, 
at  a  specified  fraction  ( SHP-/SHP* )  of  the  maximum  power  the 
specified  sizing  condition. 

Cruise  conditions  are  specified  by  means  of  altitude  ambient 
temperature,  true  airspeed;  and  in  the  case  of  a  compound 
helicopter,  the  propulsive  thrust  split  loc  0239 * 

between  the  auxiliary  propulsor  and  the  main  rotor.  When  the 
engine  is  sized  for  cruise  the  program  will  accept  the  Tjujx^tDT 

schedule  input,  LOCS  1671-1692.  In  addition,  the  user  may 
select  the  power  setting  to  be  used;  maximum,  military,  or  nor¬ 
mal,  input  LOC  0234. 

f 
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In  case  of  a  configuration  having  auxiliary  independent  cruise 
engines  (APIND  =  2),  these  engines  may  either  be  fixed  or  sized 
independently  of  the  primary  engines.  The  auxiliary  independent 
engines  can  only  be  sized  for  cruise.  For  example,  it  would  be 
possible  to  study  a  configuration  with  fixed  size  primary  engines 
(FIXIND  =  0)  while  sizing  the  auxiliary  engines  to  meet  cruise 
requirements.  NOTE:  in  a  case  like  this,  input  locations 
0234-0241  must  be  filled  out  to  allow  sizing  for  the  auxiliary 
engines,  even  though  the  primary  engines  are  fixed  in  size. 

In  addition  to  sizing  the  primary  and  auxiliary  engines,  this 
subroutine  calculates  the  main  rotor,  tail  rotor  (in  the  case 
of  a  single  rotor  helicopter)  and  auxiliary  propulsion  drive 
system  rating  (in  the  case  of  a  compound  helicopter).  The 
options  available  to  the  user  for  this  purpose  are: 


XMSNIND  =  0 


XMSNIND  =  1 


XMSNIND  =  2 


Main,  tail  and  auxiliary  drive  system  ratings 
specified  as  fraction  pf  primary  engine 
installed  power  (in  the  case  of  a  compound 
helicopter  with  auxiliary  independent  propul¬ 
sion,  the  auxiliary  independent  drive  system 
rating  is  specified  as  a  fraction  of  the  aux¬ 
iliary  independent  engine  installed  power). 


The  drive  system  ratings  calculated  are  equal 
to  the  product  of  the  applicable  multiDlica- 
tive  factors  (SHPMRX/SHP*MR,  SHF^/SHP*^, 

SHP^y^/SHP^y^ )  and  the  component  (main  tail, 

and  auxiliary)  power  obtained  from  the  propor¬ 
tional  split  (based  on  power  required)  of  the 
total  sea  level  standard  maximum  (installed) 
engine  power.  NOTE:  IF  FIXIND  =  0,  user  must 
input  proper  power  split  between  main  rotor  and 
tail  rotor. 


SHP* 


shpmrx  = 

(SHPMXr\ 

/SHP*  MR 

shp*mr/ 

SHP* 

shpt*x  = 

(shptxr\ 

(shp*mr1 

SHP*  1 

SHP* 


Main,  tail,  and  auxiliary  drive  system  ratings 
specified  at  fraction  of  power  required  to 
hover  or  cruise  at  design  conditions  (more 
critical  of  the  two  conditions  is  selected). 
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XMSNIND  =  3 


Same  as  2,  except  the  most  critical  of  the  two 
design  conditions  is  compared  to  the  drive  sys¬ 
tem  rating  required  at  an  alternate  payload/ 
gross  weight  hover  at  the  design  point  condi¬ 
tions.  The  most  critical  of  these  three  condi¬ 
tions  is  selected. 

XMSNIND  =  4  Same  as  2,  except  that  tail  rotor  drive  system 
rating  is  selected  independently  of  the  main 
rotor  drive  system  to  match  a  specified  fraction 
of  power  required  to  hover  or  cruise  at  design 
conditions  (more  critical  of  the  two  conditions 
is  selected). 

XMSNIND  =  5  Same  as  3,  except  that  the  tail  rotor  drive 

system  rating  is  selected  independently  of  the 
main  rotor  drive  system  as  in  4,  and  the  most 
critical  of  the  two  design  conditions  is  com¬ 
pared  to  the  tail  rotor  drive  system  rating 
required  at  an  alternate  payload/gross  weight 
hover  at  the  design  point  conditions.  The  most 
critical  of  these  three  conditions  is  selected. 

It  should  be  noted  that  when  FIXIND  =  0  or  FIXINDI  =  0;  i.e., 
fixed  size  engines,  any  of  the  six  transmission  sizing  options 
(XMSNIND  =0-5)  may  be  used.  If  drive  system  ratings  calculated 
based  on  meeting  specified  flight  conditions  (XMSNIND  =2-5) 
exceed  the  installed  power  rating  of  the  fixed  size  engines,  the 
drive  system  ratings  are  reset  to  "match"  the  fixed  size  engines. 

The  use  of  separate  engine  and  transmission  sizing  options  pro¬ 
vides  great  flexibility  in  meeting  conflicting  engine/drive 
system  requirements.  For  example,  using  XMSNIND  =2,  it  is 
possible  to  size  a  helicopter's  primary  engines  to  meet  an 
engine  inoperative  in  hover  requirement,  while  only  rating  the 
drive  system  for  the  actual  power  required  to  hover  at  that 
design  point,  thus  effecting  a  considerable  saving  in  drive 
system  weight.  Or,  using  XMSNIND  =3,  it  is  possible  to  rate 
the  drive  system  for  the  power  required  at  an  alternate  gross 
weight/payload  hover  point,  while  still  meeting  the  original 
engine  out  sizing  criteria.  Note  that  XMSNIND  =4,  5  are  of 
use  only  when  sizing  single  rotor  helicopters  (CNFIND  =  1.0). 

The  drive  system  ratings  determined  in  the  sizing  process  may 
>e  used  to  limit  helicopter  performance  by  setting  QIND  (LOC 

1205)  =1,  2.  The  first  option,  SIND  =  1,  imposes  a  torque 

limit  on  the  main  and  tail  rotor  transmission.  The  second 
option,  Qind  =  2,  imposes  a  torque  limit  on  the  auxiliary 

propulsion  transmission.  QIND  =  2  is  only  used  with  AUXJND 

(LOC  0006)  2.0  and  MpIND  (LOC  0253)  =  0.0,  and  AIPIND  (LOC 

0012)  =  1.0. 
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(LOC  1205) 


Note  that  when  OPTIND  (LOC  0001)  =  0,  1  and  QIND 
1,  2,  QMAX/Q*  (LOC  1224)  must  be  set  =  1 

NIIMAX/NII* 


When  OPTIND  =  2, 
input  LOC  1224  Q, 


3  and  2rND  = 

.  =  SHP  ratinq 

§§*  ■  SHPi 


the  main  transmission  rating 


If  OPTIND  »  2,  3  and  QIND  -  2,  the  main  transmission  rating 
is  the  same  as  =  1,  however  the  auxiliary  propulsion 

transmission  rating  is  input  as 


SHFAUX  =  SHFAUX  PROP  RATING  where, 

SHP\ux  shp* 

SHPAUX  IS  INPUT  LOC  0226. 

shp*mx 


The  auxiliary  drive  system  rating  is  input  in  a  similar  manner 
as  the  primary  drive  system.  There  are  only  2  options  for 
torque  limit,  input  as  QINDI  (LOC  2205)  =0,  1.  If  QINDI  *  1» 

Qm.v/Q*  (loc  2224)  must  be  set  =  1 _ . 

M  /N  * 

WII  /WII 

MAX 


Helicopter  performance  transmission  limits  are  applied  in  the 

power  available  subroutines,  Figures  4-5  through  4-12. 

•  * 

Figure  4-35  contains  a  flow  chart  of  the  engine  sizing  sub¬ 
routine  . 


Figure  4-35.  ENGSZ  Subroutine,  Flow  Chart  (Part  4  fo  13) 
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Figure  4-35.  ENGSZ  Subroutine,  Flow  Chart  (Part  5  of  13) 
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Figure  4-35.  ENGSZ  Subroutine,  Flow  Chert  (Pert  7  of  13) 


Figure  4-35.  ENGSZ  Subroutine,  Flow  Chart  (Part  8  of  13) 


Figure  4-35.  ENGSZ  Subroutine,  Flow  Chert  (Pert  9  of  13) 
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Figure  4-35. 


ENGSZ  Subroutine,  Flow  Chart  (Part  10  of  13) 


Figure 


-35.  ENGSZ  Subroutine,  Flow  Chart  (Part  12  of  13) 
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Figure  4-35.  ENGSZ  Subroutine,  Flow  Chart  (Part  13  of  13) 
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4.11  WEIGHT  1BEHBS  -SIffiEOlECIMfi. 

The  weight  trends  subroutine  calculates  the  group  weights 
for  the  propulsion  system,  the  structures  system,  and  the 
flight  control  system.  These  weights  are  then  combined  with 
input  values  of  the  weight  of  fixed  useful  load,  fixed  equip¬ 
ment,  and  payload  in  order  to  determine  the  weight  of  fuel 
available  (Figure  4-36)  .  The  subroutine  uses  detailed  sta¬ 
tistical  weight  equations  as  used  at  the  Boeing  Vertol  Company. 
The  group  weights  are  not  directly  added,  but  rather  are 
combined  by  the  use  of  incremental  multiplicative  and  additive 
weight  factors;  these  factors  are  useful  for  sensitivity 
studies  for  the  aircraft.  For  example,  if  it  is  desired  to 
determine  the  effect  of  an  additional  300  pounds  of  propulsion 
system  weight,  the  factor  W„  is  input  as  300.  Similarly,  if 
it  is  desired  to  investigate  the  effect  of  a  15-percent  in¬ 
crease  in  the  weight  of  the  engines ,  the  factor  Kio  is  input 
as  1.15. 

In  order  to  calculate  the  weight  of  the  aircraft  structure, 
the  weight  trends  subroutine  must  determine  the  limiting 
design  load  factor.  For  pure  and  auxiliary  propulsion  heli¬ 
copters  (without  wings) ,  the  program  uses  the  input  value 
of  maneuver  load  factor.  In  the  case  of  a  wing  or  compound 
helicopter,  it  does  this  by  comparing  the  magnitude  of  the 
input  maneuver  load  factor  with  the  value  calculated  for  gust 
load  factor.  The  gust  load  factor  is  evaluated  at  the  alti¬ 
tude  at  which  maximum  operating  equivalent  airspeed  (VM0)  is 
equal  to  the  speed  for  maximum  operating  Mach  number  (M^q)  so 
long  as  the  altitude  falls  in  the  band, 

0  -  hCRIT  -  20 ' 000  ft 

The  gust  load  factor  is  calculated  at  the  speed  Vc  (see  Refer¬ 
ence  11)  which  is  taken  to  be  equal  to  VMq/Mmo*  If  the  user 
finds  that  his  aircraft  is  gust-critical  at  other  than  the 
V  condition,  he  must  manually  calculate  the  expected  load 
factor  and  insert  that  value  in  the  program  as  a  dummy  maneuver 
load  factor. 

4.11.1  Weight  Trend  Data 

The  weights  subroutine  section  of  HESCOMP  represents  one 
approach  for  determining  the  individual  and  group  weights 
which  make  up  the  weight  empty  of  an  aircraft.  The  aircraft 
weight  is  divided  into  subgroups,  as  shown  in  Table  4-10, 
and  is  in  general  accordance  with  the  weight  and  balance  data 
reporting  procedures  and  forms  for  Aircraft  and  Rotorcraft 
described  in  Military  Standard  1374.  A  copy  of  Part  I  (Group 
Weight  Statement)  is  included  at  the  end  of  this  section.  A 
flow  chart  describing  the  weights  subroutine  is  shown  in 
Figure  4-37. 
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Figure  4-36.  Weight  Trends  Subroutine. 
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Figure  4-37.  WGHTR  Subroutine,  Flow  Chart  (Part  1  of  5) 
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Figure  4-37.  WGHTR  Subroutine,  Flow  Chart  (Part  5  of 


The  trend  equations  shown  on  the  weights  subroutine  flow  chart 
and  those  presented  in  the  text  produce  the  same  results, 
although  they  are  not  necessarily  written  in  the  same  form. 

The  flow  chart  equations  express  the  text  trends  in  the  term 
used  in  other  parts  of  the  computer  program. 

The  primary  purpose  of  this  weights  subroutine  is  to  provide 
a  consistent  method  for  rapidly  estimating  the  operational 
weight  empty  and  fuel  available  for  the  missions  of  various 
types  of  helicopters.  The  results  obtained  from  the  trend 
equations  will  depend  largely  on  engineering  experience  and 
the  judgment  exercised  in  selecting  the  various  trend  con¬ 
stants.  The  weight  trend  equations  were  developed  by  A.  H. 
Schmidt  and  R.  H.  Swaui  of  Boeing  Vertol  Company. 

An  explanation  of  the  weight  trends  and  instructions  for  com¬ 
pleting  the  weight  input  sheet  are  included  in  the  text  as  am 
additional  aid  for  filling  out  the  weight  input  sheet,  the 
page  numbers  defining  the  various  k  terms  are  included  with 
the  respective  terms  on  the  weight  input  sheet,  Table  4-11. 

Weight  trends  developed  at  Boeing  were  used  to  determine  the 
structure  weights,  Table  4-10,  items  1,  6,  amd  10;  flight  con¬ 
trol  weights,  item  22;  amd  the  control  and  propulsion  system 
weights,  items  2,  5,  18  amd  21.  The  trends  were  developed 
from  existing  aircraft,  amd  use  design  amd  geometric  para¬ 
meters  to  compute  the  weights  of  the  various  components.  For 
aircraft  on  which  limited  information  is  available,  such  as 
compound,  winged  amd  propulsive  tail  helicopters,  the  trend 
constamts  have  been  adjusted  to  account  for  the  design  fea¬ 
tures  typical  of  the  particular  configuration.  Alighting 
gear  weights,  item  9,  are  a  function  of  the  design  takeoff 
weight  amd  are  based  on  statistically  derived  percentages 
of  the  respective  gross  weights.  Engine  weights,  item  13, 
were  determined  from  information  compiled  from  engine  manu- 
facturers.  Engine  installation  weights,  items  14,  15,  16, 

17  and  19,  are  expressed  as  a  percentage  of  the  dry  engine 
weight.  Fuel  system  weight,  item  20,  is  determined  on  a 
pound  per  gallon  of  fuel  required  basis.  Fixed  equipment 
weights,  items  24  through  41,  are  discussed  in  the  text. 

The  "a"  term  identified  as  "adjustment  factor"  in  the  descrip¬ 
tion  of  the  rotor,  body  and  drive  system  weight  trends  is  a 
simple  aid  for  selecting  the  trend  slope  that  most  closely 
describes  the  study  configuration.  Example:  If  you  desire  a 
rotor  blade  that  compares  with  the  criteria  and  design  of  the 
BO-105  rotor  blade  the  adjustmen  factor  "a"  would  be  1.1 
since  the  BO-105  point  falls  midway  between  a  «  1.0  and  a  = 
1.20  in  Figure  4-38.  The  value  of  48.4  (44  x  1.10)  would  be 
placed  in  the  Kp^  (Loc.  *537)  block  on  the  weight  input 

sheet  (Table  4-11). 
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'  MIL-W-25140A 

6.2.3  Weight  Definitions  -  As  used  In  MIL-STD-1374  and  Weight  - 

Handbooks. 


A2R7RAM5  UNIT  WEIGHT 


Primarily  Structure  Weight 

Used  In  cost  and  work  ioau 
evaluations.  Defined  in 
Cost  Information  Report 
(CIR)  as  the  Weight  Empty 
(from  MIL-STD-1374)  less 
specific  items  as  noted. 

New  requirements  will  refer 
to  Contractor  Cost  Data 
Reports  (CCDR) . 


Wheels,  brakes,  tires,  tubes,  engines, 
starters,  props,  electrical  units, 

_ 


avionics,  etc. 


WEIGHT  EMPTY 


& 


$ 


Weight  of  aircraft  complete 
with  all  systems  as  con¬ 
figured  in  accordance  with 
the  model  detail  specification. 


6 


Unusable  fuel  and  oil  (Including  trapped), 
external  gear  not  disposed  of  during 
flight,  guns  and  other  fixed  items  of 
useful  load . 


J> 


|  BASIC 

WEIGHT  j 

Basic  weight  entered  on 
Chart  C  of  Weights  Handbook 
for  running  log  weight. 


Usable  engine 
Oil,  crew,  special  mission  equipment 

and  weapons  racks  or  pylons  not  in 
Basic  Weight.  /<=S 


OPERATING  WEIGHT 


hlsable  fuel,  cargo, 
land  disposable  extern 


ninition, 

tanks 


stores, 


GROSS  WEIGHT 


] 


Zero  fuel  and  Zero  payload 
■eight  -  a  convenience  weight 
to  which  operators  need  add 
only  fuel  and  payl'  *1  for 
gross  weight. 


Take-off  gross  weight.  Will 
vary  with  mission.  It  is 
the  sum  of  the  weight  empty 
the  specified  useful  load, 


Expendable  items  -  fuel,  oil,  stores, 
and  expendable  external  tanks. 


]  LAMPING  CROSS  WEIGUtI 
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TABLE  4-11.  HELICOPTER  WEIGHT  INFORMATION 


Incremental  Group  Wts  Nom  »  0 


Value* 


OWE**  26 

W_FE  26 
^UL  26 

w££***  2604 


Variable 

LOC 

Value* 

awst 

2605 

2606 
2607 

4-214 

4-214 

4-214 

rasSHEEaiEBES! 


Group  Weight  Information 


Flight  Controls 


^CC 

£rc 

£sc 

£fw 

Jttm 

£SAS 

£rca 

£sCA 

nISC 


Structural 


2613 

4-207 

2614 

4-207 

2615 

4-207 

2616 

4-207 

2617 

4-207 

2618 

4-211 

2619 

4-211 

2620 

4-211 

2621 

4-211 

*WS 

Jwp 

£ht 

£clf 

Jnac 

£aip 

rNACA 

£aia 

*NS 


2622 

2623 

2624 

2625 

2626 

2627 

2628 

2629 

2630 

2631 

2632 

2633 

2634 

2635 

2636 


-195 

-195 

-197 

-197 

-186 

-186 

-187 

-187 

-192 

-201 

-201 

4-201 

4-201 

4-201 

4-201 


2659 

4-214 

2660 

4-214 

2661 

4-214 

2662 

4-214 

2663 

4-214 

2664 

4-214 

MULTIPLICATIVE  FACTORS  NOMINALLY  -  1.0 


2608 

2609 

2610 
2611 
2612 


Propulsion 


*PRB 

£rbf 

?H 

£amd 

Jbldf 

£tr 

£ar 

£pa 

rVTAR 

JPDS 

£pdsz 

£trds 

£ads 

£adsz 

JpEI 

AEI 


2637 

2638 

2639 

2640 

2641 

2642 

2643 

2644 

2645 

2646 

2647 

2648 

2649 

2650 

2651 

2652 

2653 


4-189 

4-189 

4-189 

4-189 

4-189 

4-194 

4-192 

4-192 

4-192 

4-205 

4-205 

4-207 

4-205 

4-205 

4-203 

4-202 

4-202 


2665 

2666 

2667 

2668 

2669 

2670 

2671 

2672 

2673 


4-214 

4-214 

4-214 

4-214 

4-214 

4-214 

4-214 

4-214 

4-214 


*Page  numbers  in  this  document 
**OWE  is  not  necessary  when  OPTIND 
***WpL  is  not  necessary  when  OPTIND 
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B 


The  weight  of  the  wing  is  determined  using  one  of  the 
following  three  methods : 

•  Method  I 

W_ _  *  220  (k)0  -585' 
w 


Where 


Ww  *  weight  of  wing  -  lb 

Rm  =»  wing  relief  as  a  fraction  of  design  gross  weight 

W  «  design  gross  weight 
y 

LF  as  helicopter  lift  factor  as  a  fraction  of  gross  weight 

2 

Sw  a=  planform  area  of  wing  (taken  from  of  aircraft)  -  ft 

b  a*  wingspan  -  ft 

B  »  maximum  fuselage  width  -  ft 

X  *  taper  ratio 

N  *  ultimate  load  factor 

VD  as  dive  velocity  -  kn 

Aj.  «  aspect  ratio 

kr  *  wing  root  thickness  7  root  chord 

Method  I  is  used  when  a  conventional  aircraft  wing  is  employed. 
It  considers  basic  geometry ,  design  criteria,  and  relief  terms. 
The  220  constant  represents  a  wing  employing  simple  control 
surfaces.  The  220  adjusted  up  or  down  depending  on  the  com- 
plexity  of  the  surface  controls  (200-240)  must  be  placed  in 
the  k^  location  on  the  weight  input  sheet.  LF,  representing 
the  wing  unloading  factor,  due  to  rotor  lift,  and  a  wing  < 
relief  value  (0.5  to  0.75)  must  be  entered  as  a  fraction  of  the 
design  gross  weight.  The  factors  LF  and  Rj^  are  nominally  1.0. 


•  Method  II 


0.333 

Ww  *  3. 15  (k) 

Where 

K  =*  S  (WL  +  WL) 

W  i  i  o  o 

Legend 

Ww  =  weight  of  wing  -  lb 

sw  =  planform  area  of  wing  -  ft 

W^  *  inboard  wing  store  weight,  Ib/per  side 

WQ  =  outboard  wing  store  weight,  lb/per  side 

Lj_  =  distance  from  side  of  fuselage  to  inboard  store  -  ft 

L0  =  distance  from  side  of  fuselage  to  outboard  store  -  ft 

Method  II  is  used  when  a  sponson  or  stub  type  wing  is  used 
to  carry  stores  or  weapons.  The  trend  constant  3.15  must  be 
placed  in  kwg  of  the  weight  input  sheet.  end  WQ  must  be 

entered  in  their  respective  locations  in  pounds  per  side. 

and  L0  must  be  entered  as  a. fractional  part  of  the  wing 
semi- span. 

•  Method  III 
Ww  ■  Sw  x  PSF 

Where 

Ww  *  weight  of  wing  -  lb 

Sw  *  planform  area  of  wing  -  ft2 

2 

PSF  *  pounds  per  ft 

Method  III  is  used  when  a  single  sponson  of  stub  is  employed. 
The  estimated  unit  weight  of  the  wing  in  pounds  per  square 
foot  is  placed  in  k^  on  the  weight  input  sheet. 
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Main  Rotors 

The  weight  of  the  main  rotor  includes  the  combined  weights 
of  the  blades  and  hub  and  hinge.  The  weights  are  derived 
from  the  following  equations: 

0.438 

•  Blades  (per  rotor)  Wfi  =  44  a  (k) 

Where 


NOTE:  The  last  term  is  a  droop  factor,  used  only  if 
the  result  is  greater  than  1. 

0.358 

•  Hub  and  Hinge  (per  rotor)  WRH=  61  a  (*•) 

Where 

k  -  N  [*]  KtortfW-11] 

Legend 

Wl  =  blade  weight  per  rotor  (including  root  end 
fitting) -lb 

a  =  adjustment  factor 

Wg  *  design  gross  weight  per  rotor  (X  0.6  for  tandem) -lb 

LLP  »  design  limit  load  factor  at  dgw 

R  *  rotor  radius-ft 

r  *  rotation  to  blade  attachment-ft 

c  »  blade  chord-ft 

b  *  number  of  blades  per  rotor 

t  »  maximum  blade  thickness  at  25%  R-ft 

kjj  >  rotor  type  factor:  1.00  articulated,  2.2  hingeless 
or  teetering 

k<j  »  droop  constant:  1000  tandem,  1200  single  rotor 
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Nr  =  rotor  rpm 

Pr  =  takeoff  power  X  (0.6  for  tandem)  per  rotor-hp 
kamd  =*  a  x  m  x  d 

a  *  design  concept:  0.53  hingeless,  1.00  other 
m  *  material:  steel  *  1.00,  titanium  ■  0.54 
d  »  development  stage:  early  *  1.0,  developed  -  0.62 


In  the  trend  equations  the  constants  44 (blade  trend)  and  61 
(hub  and  hinge  trend)  represent  the  average  for  the  rotor 
weights  presented  in  Figure  4-38  and  4-39.  The  blade  weights 
are  most  representative  of  the  all  metal  blades.  The  adjust¬ 
ment  factor  a  is  used  to  adjust  the  k  factor  when  special 
design  features  are  considered,  such  as  high  modulus  materials 
(boron,  graphite,  etc.)  or  special  features  associated  with 
the  hub  and/or  hinge.  Refer  to  Figures  4-38  and  4-39  to  select 
the  a  term  which  most  closely  approximates  the  configuration 
being  analyzed.  The  revised  constants  44a  and  61a  must  be 
placed  in  the  kpRB  and  kpu  locations  on  the  weight  input  sheet 
along  with  the  factors  kRBp  (kb  in  legend)  and  kamd*  If  blade 
folding  is  required  the  k^LFD  block  on  the  input  sheet  must 
also  be  filled  in.  Blade  folding  is  entered  as  a  fractional 
part  of  the  total  rotor  weight.  The  blade  fold  penalty  usually 
runs  between  1.15  to  1.25  of  the  rotor  weight  depending  on 
the  folding  requirements.  The  nominal  value  for  kpLFD  is  1.0. 

Auxiliary  Rotors  or  Propellers 

When  auxiliary  rotors  or  propellers  are  required,  as  in  the 
case  of  compounds  or  propulsive  tail  helicopters,  the  follow¬ 
ing  rotor/propeller  equation  is  used: 

0.67, 

WR  *  14.2  a  (k) 


Where 


Legend 

WR  -  weight  of  rotor  or  prbpeller-lb 
R  ■  rotor  radius-ft 


b  *  number  of  blades  per  rotor 


AH-56A  J^^D^.CH-53A 


Figure  4-38*  Rotor  Blade  Weight  Trend. 


Figure  4-39.  Rotor  Hub  and  Hinge  Height  Trend 


c  «  blade  chord  (average) -ft 

HPr  »  horsepower  (xmsn  limit  per  rotor) 

Vti  *  design  limit  tip  speed-ft/sec 

r  »  center  line  of  rotation  to  average  blade 
attachment  point- ft 

a  ■  adjusting  factor  for  type  of  system  (see  Figure  4-40) 

In  the  trend  equation  the  constant  14.2  is  the  average  for  the 
various  rotor  group  weights  presented  in  Figure  4-40.  The 
expression  a  is  the  adjustment  factor  for  the  type  of  system; 
i.e.,  semirigid,  pressure  cycle,  etc.  To  determine  the  value 
of  in  the  propulsion  block  of  the  weight  input  sheet, 
multiply  the  type  of  system  desired  a  by  the  constant  14.2. 

Blade  folding,  if  required,  is  entered  in  k^5  as  a  percentage 
factor  of  the  total  computed  rotor  weight.  The  input  value 
would  be  between  1.15  to  1.25  depending  on  the  folding 
requirements . 

The  kp£  block  on  the  weight  input  sheet  allows  the  auxiliary 
rotor  input  power  to  be  increased  or  decreased  as  a  fractional 
part  of  input  power.  (kpA  »  0.9  would  decrease  the  power 
by  10  percent,  1.1  would  increase  the  power  by  10  percent.) 

The  kvTAR  block  on  the  weight  input  sheet  allows  the  auxiliary 
tail  rotor  tip  speed  to  be  increased  or  decreased  as  a  fractional 
part  of  the  input  tip  speed  (ky^AR  *  o.9  would  decrease  the 
tip  speed  by  10  percent,  1.1  would  increase  it  by  10  percent). 

The  nominal  input  values  for  kpA  and  kvTAR  is  1.0. 

Tail  Group 

The  tail  group  consists  of  the  horizontal  tail,  vertical  tail, 
ventral  and  tail  rotor.  Tail  weights  are  determined  as 
follows : 

•  Horizontal  Tail  -  Its  weight  is  based  on  a  unit  weight 
per  square  foot  (PSF) .  The  unit  weight  will  normally 
vary  between  1.0  and  2.0  PSF,  depending  on  the  type  of 
tail  being  employed.  The  unit  weights  of  the  horizontal 
tails  of  some  existing  helicopters  are  presented  as  a 
guide  for  inputting  the  unit  value  in  the  kHT  block  of 
the  weight  input  sheet. 


OH  -  58A 

1.1  lb/ft2  -  fixed 

UH  -  1H 

1.3  lb/ft2  -  movable 

UH  -  IN 

1.6  lb/ft^  -  stabilizer 
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OOO'OT 


Figure  4-40.  Rotor  Group  weight  Trend 


If  horizontal  tail  fold  is  required,  input  this  as  a 
percentage  of  the  total  horizontal  tail  weight  in  the 
kg  block  of  the  input  sheet  (refer  to  Table  4-15) . 

•  Vertical  Tail  and  Ventral  -  The  combined  weights  of 
vertical  tail  and  ventral  are  included  in  the  weight 
of  the  fuselage.  The  combined  wetted  area  of  both 
must  be  added  to  the  fuselage  wetted  area. 

•  Tail  Rotor  -  The  weight  of  the  tail  rotor  is  derived  from 
the  following  overall  rotor  trend  equation: 

WR  -  14.2  a  (k) 0 • 67 ' 

Where 


r  j30*25rHPr‘ 

0-5rvtii 

TR.b.c.l 

L 1  LlooJ 

[m 

L-tf-J 

Legend 

WR  *  weight  of  rotor  or  propeller-lb 

R  ■  rotor  radius-ft 

b  *  number  of  blades  per  rotor 

c  »  blade  chord  (average) -ft 

HPr  »  horsepower  (xmsn  limit  per  rotor) 

Vti  »  design  limit  tip  speed-ft/sec 

r  ■  center  line  of  rotation  to  average  blade 
attachment  point-ft 

a  «  adjusting  factor  for  tvpe  of  system  (see  Figure  4-40) 

This  is  the  same  equation  used  to  determine  the  weight  of 
the  auxiliary  rotors.  The  trend  is  explained  above  under 
Auxiliary  Rotors  or  Propellers.  If  blade  folding  is  reouired , 
a  factor  as  a  fraction  of  the  computed  tail  rotor  weight  must 
be  placed  in  kw  on  the  weight  input  sheet.  Fold  penalties 
normally  vary  between  0.15  and  0.25  of  total  rotor  weight 

depending  on  the  fold  requirements.  A  value  for  kgR  must  be 
inserted  in  its  proper  location  on  the  weight  input  sheet. 
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The  weight  of  the  body  structure  is  determined  from  the 
following  equation: 


W 

BG 


125  a  <k)°*8' 


Where 

>#n&] 


Legend 

Wg  »  structural  design  gross  weight  -  lb 
n  *  ultimate  load  factor 

Sf  »  wetted  area  of  fuselage  -  ft2  (includes 

fairings ,  pod,  vertical  tail  and  ventral) 

Lc  »  length  of  cabin  (measured  from  nose  to  end 
of  cabin  floor)  -  ft 

Lj^  a  length  of  rampwell  -  ft 

ACG  a  center  of  gravity  range  at  design  gross  weight  -  ft 
VMAX  *  maximum  speed  -  kn 
a  a  body  correction  factor 

i 

Figure  4-41  presents  a  group  of  commercial  and  military  single 
and  tandem  rotor  helicopters.  A  mean  line  of  125  has  been 
selected  as  the  average  for  all  the  aircraft  shown.  The  body 
correction  factor  a  permits  the  125  constant  to  be  corrected 
in  accordance  with  the  configuration  being  analyzed.  When  a 
large  number  of  cutouts  are  required  as  in  the  case  of  large 
doors,  many  windows,  large  floor  cutouts,  etc.,  the  a  term 
would  be  greater  than  1.  Where  the  fuselage  is  relatively 
clean,  the  a  could  be  less  than  1.  Refer  to  Figure  4-41  to 
select  the  a  term  which  best  describes  the  configuration. 

The  revised  constant  125a  is  the  kfi  term  to  be  inserted  xn 
the  appropriate  box  on  the  weight  input  sheet.  The  center 
of  gravity  range,  in  feet,  must  also  be  placed  in  the  A  qq 
block  on  the  input  sheet. 
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PARAMETER  DEFINITION 


»  STRUCTURAL  DESIGN  GROSS- 
^  WEIGHT,  LB. 

tj  -  ULTIMATE  LOAD  FACTOR 
Sf  -  FUSELAGE  WETTED  AREA  -  FT* 
(INCLUDING  FAIRINGS  AND  POOSI 
Lc  -  NOSE  TO  END  OF  CABIN  FLOOR/ 
MAIN  FUSELAGE  ~  FT. 

Uw  -  HORIZ  LENGTH  OF  RAMP  WELL  -  FT. 
A  -  CENTER  OF  GRAVITY  RANGE  -FT. 

V  *  LEVEL  FLIGHT  SPEED  ~  KNOTS. 
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Figure  4-41.  Body  Group  Weight  Trend. 
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Alighting  Gear 


For  the  normal  tricyle  gear  geometry,  the  total  landing  gear 
weight  including  the  running  gear  (wheels,  tires,  brakes, 
etc.),  structure  (shock  struts,  drag  struts,  support  structure, 
etc.),  and  controls  (retraction,  steering,  systems,  etc.)  is 
expressed  as  a  percentage  of  the  design  gross  weight  where: 


Where  WLG  « total  weight  of  the  landing  gear  (including 
tail  bumper) 

k  m  landing  gear  weight 
"  gross  weight 

»  design  gross  weight 

The  percentage  will  normally  vary  between  0.015  to  0.050 
depending  on  the  design  limit  sink  speed  and  the  complexity 
of  the  system.  Conventional  landing  gear  without  retraction, 
operating  on  improved  runways  normally  run  between  0.015  to 
0.04.  Adding  retraction  usually  adds  another  0.005  to  0.01. 
Skid  type  landing  gear  usually  weigh  about  0.015  times  design 
gross  weight. 

The  main  gear  usually  weighs  about  80  percent  of  the  total 
gear  weight.  The  k  term  in  the  weight  expression  above  is 
the  value  that  must  be  placed  in  the  kLG  box  of  the  weight 
input  sheet.  The  weight  of  the  main  gear  is  included  by 
placing  0.80,  or  your  estimate  of  the  main  gear  weight  as 
a  fraction  of  the  total  gear  weight,  in  the  kMG  location 
on  the  weight  input  sheet. 

Table  4-12  is  included  as  a  guide  in  selecting  krG.  It 
includes  the  total  gear  weight  as  a  percentage  of  the  gross 
weight  for  a  sampling  of  helicopters. 

Engine  Section  (Primary  and  Auxiliary) 

The  engine  section  weight  appears  as  item  10  in  Table  4-10* 

It  is  basically  the  engine  mounts ,  engine  nacelle  structure 
and  firewalls,  air  induction  and  support  structure. 

•  Engine  mounts  -  The  weight  of  the  engine  mounts  is 
determined  from  the  expression 

/  v>-41 

w  -  N  ( W  X  N  ) 

EM  E  \  E  CLFy 
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TABLE  4-12.  LANDING  GEAR  WEIGHTS 


AIRCRAFT 

TOTAL 

GEAR  WEIGHT 
(IB) 

PERCENT 

OF  GROSS 
WEIGHT 

OH-6  A 

2400 

58 

.024 

XH-51A 

3500 

134 

.038 

BO- 105 

4410 

96 

.022 

UH-lB 

6600 

112 

.017 

UH-1D 

6600 

118 

.018 

UH-1N 

10000 

121 

.012 

UH-34D 

11291 

413 

.036 

AH-56A  ' 

16995 

605 

.036 

CH-46A 

19000 

589 

.031 

CH-3C 

19500 

690 

.035 

CH-46D 

20800 

587 

.028 

CH-46E 

20800 

655 

.031 

HH-3B 

21187 

700 

.033 

CH-47A 

28550 

1060 

.037 

CH-47B 

33000 

1086 

.033 

CH-47C 

33000 

1076 

.033 

CH-53A 

35042 

1014 

.029 

CH-54A 

38000 

1794 

.047 

CH-54B 

64700 

2277 

.035 
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Enter  the  crash  load  factor  Nry.p  in  the  kcLF  block  of 
the  weight  input  block.  (This  considers  both  the 
primary  and/or  auxiliary  engine  sections.) 


•  Engine  nacelle  structure,  supports  and  firewalls 
These  items  are  determined  from  the  expression 

WMAC  “  NE  (SNAC>  <PSF) 


Enter  the  estimated  unit  weight  in  pounds  per  square  foot 
(PSF)  in  the  kflAC  and/or  the  kflACA  blocks  of  the  input 
sheet.  This  value  normally  varies  between  0.75  and  1.25 
PSF.  It  could  go  as  high  as  2.0  psf  if  the  cowling  is 
used  as  a  walkway  or  work  platform. 


•  Air  induction  -  The  weight  of  the  air  induction  system 
is  determined  from  the  expression 

haip  -  he(Pdia  *  laip)  (psf> 


Enter  the  estimated  unit  weight  in  pounds  per  square  foot 
(PSF)  in  the  k^ip  and/or  the  k^iA  blocks  of  the  input 
sheet.  This  value  normally  varies  between  0.7  to  1.0  PSF. 
An  option  is  provided  for  determining  the  weight  of  the 
air  induction  system.  If  kAjp  or  kAiA  is  greater  than 
5.0  the  program  automatically  assumes  the  value  is  the 
weight  of  the  air  induction  system  in  pounds. 


The  kjjs  term  on  the  input  sheet  is  a  nacelle  strut  factor 
used  when  an  engine  is  suspended  from  an  aircraft  employ¬ 
ing  a  wing.  Enter  a  unit  weight  value  in  PSF  in  the  kjjs 
box.  The  nominal  value  is  0. 
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Legend 
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EM 


Nt 
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N, 


CLF 


W, 


MAC 


SNAC 

PSF 


*  weight  of  engine  mounts  -  lb 


*  number  of  primary  engines 


*  weight  of  each  primary  engine  -  lb 


*  aircraft  crash  load  factor 


*  weight  of  each  primary  engine  nacelle  -  lb 


■  wetted  area  of  each  nacelle  -  sq.  ft. 


*  pounds  per  square  fo&t 


WAIp  *  weight  of  air  induction  system  -  feet 


EDIA  *  primary  engine  DIA  -  feet  . 


LAlp  «  length  of  air  inlet  duct 


The  weight  of  the  primary  and/or  auxiliary  engines  is  deter¬ 
mined  as  part  of  the  engine  sizing  routine  considered  else¬ 
where  in  the  program.  There  is  no  provision  for  determining 
the  engine  weight (s)  on  the  weight  input  sheet.  The  AwP  and 
Kis  and  K19  blocks  of  the  input  sheet  provide  a  method  for 
adding  weight  to  the  engine (s)  if  desired.  (Refer  to 
Table  4-13. 
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The  engine  installation  weights  represent  the  total  weight  of 
items  14,  15,  16,  17,  and  19  shown  on  the  weight  summary  form, 
Table  4-10.  The  weights  of  engine  (primary  and  auxiliary)  in¬ 
stallation  items  will  vary  depending  on  the  type  and  power- 
plant  arrangement  of  the  configuration  being  sized.  No  attempt 
is  made  here  to  describe  all  the  various  approaches  that  may 
be  used  to  evaluate  their  weights,  but  instead  a  simple  method 
of  taking  a  percentage  of  the  weight  of  the  dry  engines  is  used 
to  define  the  weight  of  the  engine  installation.  The  percent¬ 
ages  applied  will  depend  on  the  judgment  of  the  user.  Table 
4-13  presents  the  engine  installation  weights  as  a  percentage 
of  the  engine  weight  for  a  group  of  existing  helicopters.  This 
may  be  used  as  a  guide  for  selecting  the  weight  fraction  to 
be  placed  in  kp£j  and/or  on  the  weight  input  sheet.  An 

option  is  provided  for  determining  the  weight  of  the  engine 
installation.  If  kpgj  or  k^Ej  is  greater  than  1.0,  the  prog¬ 
ram  automatically  assumes  the  value  is  the  weight  of  the  engine 
installation  in  pounds. 

Fuel  System 

The  weight  of  the  fuel  system,  defined  as  kpg  in  the  propulsion 
block  of  the  weight  input  sheet,  will  vary  depending  on  the 
capacity,  type,  and  complexity  of  the  system  required.  For 
aircraft  having  simple  fuel  systems  located  in  the  fuselage, 
sponsons  or  wing,  the  value  for  kpg  would  range  between  0.02 
and  0.07;  for  aircraft  requiring  self-sealing  tanks  with  more 
complex  systems,  the  value  would  range  between  0.10  and  0.15. 
The  fuel  system  factors  represent  fuel  system  weight  per  pound 
of  mission  fuel  required. 

Drive  System  (Primary  and  Auxiliary) 

The  weight  of  the  drive  system  (primary  and  auxiliary)  includ¬ 
ing  gear  boxes,  accessory  drives,  shafting,  oil,  supports, 
etc.,  is  derived  from  the  following  equation: 

WDS  ’  250  *  <V0'67’ 

where 
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TABLE  4-13.  ENGINE  INSTALLATION  WEIGHTS 


AIRCRAFT 

AIRCRAFT 

ENG.  WEIGHT 
(LB) 

ENG.  INSTAL. 
WEIGHT 
(LB) 

PERCENT 

OF  ENGINE 
WEIGHT 

OH- 6  A 

142 

3S 

.254 

XH-51A 

244 

97 

.398 

BO-105 

424 

81 

.191 

UH-1B 

474 

148 

.312 

UH-lD 

501 

147 

.293 

OH— IN 

727 

164 

.226 

UH-34D 

1387 

260 

.187 

AH-56A 

695 

337 

.485 

CH-46A 

600 

161 

.268 

CH-3C 

611 

130 

.213 

CH-46D 

678 

187 

.276 

CH-46E 

886 

207 

.234 

HH-3B 

649 

136 

.210 

CH-47A 

1160 

173 

.149 

CH-47B 

1188 

175 

.147 

CH-47C 

1350 

244 

.181 

CH-53A 

1432 

283 

.198 

CH-54A 

1804 

193 

.107 

CH-54B 

2094 

394 

.188 

Note:  Engine  installation  weights  include  the  total  weight 

of  the  following  itemsj 

e  Engine  Exhaust  System 

•  Engine  Cooling 

e  Engine  Controls 

e  Engine  Starting 

e  Engine  Lubrication 
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Legend 

wds  *  weight  of  the  drive  system  -  lb  (excluding 
tail  rotor  boxes  and  shafting) 

Px  »  drive  system  horsepower  rating  (tandem  rotor 
Px*  1.2  X  takeoff  rating) 

Nr  ■  rotor  rpm  at  takeoff 

Z  ■  number  of  stages  in  main  rotor  drive 

K^.  *  configuration  factor;  1.00  for  single  rotor , 

1.30  for  tandem 

a  •  drive  system  correcting  factor 


The  drive  system  adjusting  factor  a  is  used  to  account  for 
type,  number  of  boxes,  special  features,  etc.,  included  in  the 
drive  system.  Figure  4-42  gives  typical  examples  of  the  a 
factor.  To  determine  the  kPDc  and/or  the  k^g  figure  to  place 
on  the  weight  input  sheet,  multiply  the  250  constant  by  your 
selection  of  a.  The  kpjjgz  and/or  kjmgz  (number  of  stages) 
must  also  be  placed  in  their  respective  locations  on  the 
input  sheet.  As  a  guide  for  determining  the  number  of  stages 
to  input  the  following  is  offered: 

Stages 

•  Lightweight  helicopters 

(less  than  10,000  pounds  gross  weight)  2 

•  Medium  weight  helicopters 

(10,000  pounds  to  30,000  pounds  gross  weight)  3-4 

•  Heavy  weight  helicopters  (mere  than 

30,000  pounds  gross  weight)  4-5 

An  additional  guide  in  determining  the  number  of  stages  is 
to  assume  one  stage  fbr  each  gear  reduction  in  the  drive 
system.  This  would  include  angle  boxes.  (Assume  H  of  a  stage 
for  1:1  angle  boxes.)  The  total  additive  sum  of  the 
resulting  from  this  approach  would  then  be  placed  in 
respective  k  locations  on  the  input  sheet. 

Tail  Rotor  Drive  System 

The  weight  of  the  tail  rotor  drive  system,  including 
ing,  etc.,  is  derived  from  the  following  equation: 

WDS  -  300  a  (k)  °*8' 

Where 
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H^Total  ^  1 • 1 

IPS 


*Rotor 


stages 

their 


shaft 


-42.  Drive  System  Weight  Trend- Primary  and  Auxiliary. 


Legend 


Wps  *  weight  of  drive  system  -  lb 
H^Total  *  total  tail  rotor  horsepower 

RPMRotor  *  tail  rotor  rpm 

a  *  drive  system  adjustment  factor 

The  factor  a  is  an  adjustment  factor  used  to  account  for  the 
type,  number  of  boxes,  and  special  features,  etc.  included  in 
the  drive  system.  Figure  4-43  gives  typical  examples  of  the 
a  factor.  To  determine  the  Icqq  value  to  place  on  the  weight 
input  sheet,  multiply  the  300  constant  by  your  selection  of  a. 

Flight  Controls 

The  weight  of  the  flight  control  system  will  vary  depending 
on  the  type  and  system  required  (manual,  power  assisted, 
redundant,  dual  redundant,  etc.)  and  the  type  of  heicopter 
being  configured  (pure,  winged,  compound,  propulsive  tail,  etc.). 
Aircraft  control  systems  requiring  power  assistance  and  dual  or 
triple  redundant  components  will  weigh  more  than  configurations 
having  simple,  non-redundant  systems.  Considerations  must  be 
given  to  these  factors  when  determining  the  flight  control 
constants  to  insert  on  the  weight  input  sheet. 

An  equation  which  includes  a  combined  series  of  weight  trend 
expressions  applicable  to  most  any  type  of  helicopter  configur¬ 
ation  is  presented  below.  It  includes  factors  which  can  be 
isolated  and  applied  to  the  particular  vehicle  being  analyzed. 
Values  for  the  various  k  factors  described  must  be  put  in  their 
proper  locations  on  the  weight  input  sheet.  A  description  of 
the  items  comprising  each  of  the  control  sub-groups  is  included 
along  with  a  range  of  k  input  values.  Refer  to  the  referenced 
trend  cux  es  included  for  each  of  the  major  control  groups 
as  an  aid  in  selecting  the  respective  k  values. 
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Figure  4-43.  Drive  System  Height  Trend-Tail  Rotor. 


weight  of  flight  controls  -  lb 

design  gross  weight  -  lb 

rotor  blade  chord  -  ft 

rotor  radius  -  ft 

rotor  blade  weight  per  rotor  -  lb 

constant  for  cockpit  controls  *  26 

Cyclic  and  collective  control  sticks  and  linkages, 
pedals,  cables  and  rods  (Figure  4-44) 

constant  for  main  rotor  controls 

All  components  from  and  including  the  power  actuators 
up  through  the  pitch  links.  Major  items  included  are 
the  actuators,  swashplate,  and  pitch  links  (Figure  4-45) 

If  kR(,  >1.0,  the  following  equation  is  used. 

WRC  *  *rc  C  RWB  typical  values  are  kRC  *  18  to  23. 
10000 

If  kRC  1.0,  the  mom  rotor  controls  are  weighed  using 
the  following: 

WRC  "  *RC  (WR  “  MRWBF)  wh*r*  wr  is  total  rotor  weight 
and  NRWBF  is  blade  folding. 

constant  for  main  rotor  systems  and  hydraulics  * 

25  to  35 

All  components  between  the  cockpit  controls  and  the 
rotor  controls  including  actuators,  artificial  feel 
system,  mechanical  programmer,  teller anke,  rods, 
idlers,  etc.  (Figure  4-46) 

Main  hydraulic  systems  including  pumps,  reservoirs, 
accumulators,  filters,  valves,  lines,  fluid,  and 
supports  (Figure  4-46) 
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Figure  4-45.  Rotor  Controlo  Weight  Trend 


SYSTEM  AND  HYDRAULICS  WEIGHT 


constant  for  conventional  fixed-wing  controls  »  0.005 
to  0.020,  depending  on  complexity  and  number  of 
functions  required 

All  components ,  actuators,  ?&d  supports  associated 
with  moving  the  control  surf sees  -  LE  umbrellas, 
flaperons,  spoilers,  a^id  tail  surfaces 

constant  for  tilting  mechanism  -  0.005  to  0.015 

All  components  and  supports  required  to  tilt  the 
wing  including  actuators,  power  control  units, 
mechanical  system,  fittings,  and  hardware.  The 

value  will  vary  proporti  ;nately  with  the  hinge 

moment  and/or  wing  transition  rate  required. 

constant  for  stability-augmented  system  * 

20  pounds  to  100  pounds,  depending  on  system 
required 

constant  for  auxiliary  rotor  controls 

Similar  to  5cRC  -  provides  rotor  control  weights 
for  auxiliary  propulsive  systems  (pusher  props, 
ducted  fan,  etc..  Figure  4-47) 

constant  for  auxiliary  rotor  system  controls 

Similar  to'  kgc-  provides  rotor  system  control 
weights  for  auxiliary  propulsive  systems  (pusher 
props,  ducted  fans,  etc.,  Figure1  4-46) 

estimated  weight  input  in  pounds  for  any  items 
not  covered  above 

Fixed  Equipment 

The  weight  of  the  fixed  equipment  is  included  in  the  weight 
empty  and  consists  of  the  following  groups:  auxiliary  power- 
plant,  instruments,  hydraulics  and  pneumatics,  electrical, 
avionics,  armament,  furnishings  and  equipment,  air-conditioning, 
anti-icing  and  load  and  handling  (Table  4-10) . 

The  weight  of  the  fixed  equipment  will  vary  with  the  type  and 
requirements  of  the  aircraft  under  studv.  The  largest  variation 
in  fixed  equipment  weights  usually  appears  in  the  avionics 
and  the  furnishings  and  equipment  groups.  The  avionics  group 
reflects  communication  and  navigational  requirements;  the 
furnishings  and  equipment  group  normally  reflects  cabin  size 
and  personnel  accommodations  (pilots  seats,  troop  seats,  etc.) . 
Table  4-14  presents  some  typical  examples  of  the  fixed  equip¬ 
ment  weights  for  some  existing  military  helicopters. 


kFW  * 

^TM  * 

kSAS  " 
kRCA  “ 

kSCA  * 

kMisc.  * 
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UPPER  CONTROLS  WEIGHT  -  POUNDS 


REV 


The  total  weight  of  the  fixed  equipment,  WFE,  must  be  placed 
in  the  Wpg  block  of  the  weight  input  sheet. 

Fixed  Useful  Load 


The  weight  of  the  fixed  useful  load  represents  a  portion  of 
the  useful  load.  It  includes  the  crew,  trapped  and  unusable 
fuel  and  oil,  guns,  weapons,  racks  or  pylons  and  any  other 
fixed  items  of  useful  load  which  makes  the  aircraft  operational 
Typical  weights  for  fixed  useful  load  items  are  included  in 
Table  4-14  as  a  guide  for  inputting  a  number  in  the  Wpgg 
block  of  the  weight  input  sheet. 

Payload 

The  weight  of  the  payload  is  determined  by  the  mission  re¬ 
quirements.  The  total  weight  of  the  payload  must  be  put  in 
the  wpL  block  of  the  weight  input  sheet. 

Incremental  Group  Weights 

The  incremental  group  weights  section  of  the  weight  input 
sheet  is  provided  to  enable  the  user  to  add  fixed  increments 
of  weight  where  desired.  Definitions  and  values  for  some  of 
the  items  in  this  group  have  already  been  discussed.  A  WFC 
AWp,  and  AwSI  represent  incremental  weights  of  the  flight' 
controls  group,  propulsion  group,  and  structural  group, 
respectively.  Any  value  inserted  in  the  incremental  group 
weight  section  remains  constant  regardless  of  gross  weight. 

The  nominal  value  for  any  block  in  this  section  is  0,  except 
for  Rjfl  which  is  nominally  1.0. 

Group  Weight  Information 

The  nominal  value  for  items  in  this  section  of  the  weight  input 
sheet  is  0,  except  as  noted  in  the  text.  All  blocks  must  be 
filled  in.  Definitions  and  constants  for  the  various  k  factors 
have  been  previously  discussed  in  the  respective  subgroup 
definitions. 

Multiplicative  Factors 

The  multiplicative  factors  described  as  through  K™  on  the 
weight  input  sheet  provide  the  capability  of  performing  weight 
sensitivity  studies.  The  factors  are  nominally  1.  All  blocks 
must  be  filled  in.  To  vary  the  weight  of  any  subgroup  (k qq, 
kg,  kge,  etc.) ,  insert  the  desired  value  in  the  appropriate 
multiplicative  box.  Refer  to  Table  4-15  to  relate  the 
various  k  factors  with  their  respective  groups.  Inserting 
a  value  of  1.1  would  increase  the  weight  of  the  respective 
group  by  10  percent;  a  value  of  0.9  would  decrease  it  by  10 
percent,  etc.  The  values  in  this  group  will  vary  with  gross 
weight. 
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TABLE  4-15. 

MULTIPLICATIVE  FACTORS 


K 

LOCATION 

LETTER 

CODE 

- 1 

DESCRIPTION 

Kl 

2654 

WRC 

WEIGHT 

OF 

MAIN  ROTOR  CONTROLS 

K2 

2655 

wsc 

WEIGHT 

OF 

MAIN  ROTOR  SYSTEM  CONTROLS 

K3 

2656 

wfw 

WEIGHT 

OF 

FIXED  WING  CONTROLS 

K4 

2657 

WRCA 

WEIGHT 

OF 

AUXILIARY  ROTOR  CONTROLS 

K5 

2658 

WSCA 

WEIGHT 

OF 

AUXILIARY  ROTOR  SYSTEM  CONTROLS 

K6 

2659 

WB 

WEIGHT 

OF 

BODY 

K7 

2660 

wlg 

WEIGHT 

OF 

LANDING  GEAR 

K8 

2661 

ww 

WEIGHT 

OF 

WING 

K9 

2662 

WHT 

WEIGHT 

OF 

HORIZONTAL  TAIL 

K10 

2663 

WNAC 

WEIGHT 

OF 

PRIMARY  NACELLE 

Kll 

2664 

WNACA 

WEIGHT 

OF 

AUXILIARY  NACELLE 

K12 

2665 

Wprb 

WEIGHT 

OF 

PRIMARY  ROTOR  BLADES 

K13 

2666 

WPH 

WEIGHT 

OF 

PRIMARY  ROTOR  HUB 

K14 

2667 

WTR 

WEIGHT 

OF 

TAIL  ROTOR 

K15 

2668 

war 

WEIGHT 

OF 

AUXILIARY  ROTOR 

K16 

2669 

WPDS 

WEIGHT 

OF 

PRIMARY  DRIVE  SYSTEM 

K17 

2670 

Wads 

WEIGHT 

OF 

AUXILIARY  DRIVE  SYSTEM 

K18 

2671 

wpe 

WEIGHT 

OF 

PRIMARY  ENGINE 

K19 

2672 

WAE 

WEIGHT 

OF 

AUXILIARY  ENGINE 

K20 

2673 

WTRDS 

WEIGHT 

OF 

TAIL  ROTOR  DRIVE  SYSTEM 

2 


4.11.2  Aircraft  Balance 


A  preliminary  aircraft  balance  for  single  rotor  helicopters  is 
included  in  the  program  which  locates  the  main  rotor  system  £ 
relative  to  the  required  center  of  gravity  of  the  operating 
weight  empty  of  the  aircraft.  A  description  of  the  input 
values  to  be  included  on  the  weight-balance  information  sheet 


LOC  (2678)  XcqfAb 
LOC  (2679)  ACGr 

LOC  (2680) 

LOC  (2681)  Xj^./ ig 


Center  of  gravity  of  the  fuselage, 
measured  from  the  nose  of  the  aircraft, 
as  a  fractional  part  of  lg. 

Distance  in  feet  between  the  OWE  center 
of  gravity  and  the  main  rotor  center 
line  (negative  value  ( - )  is  forward  of 
OWE  eg,  plus  value  (  +  )  is  aft  of  OWE  eg). 

Center  of  gravity  of  the  nose  gear 
measured  from  the  nose  of  the  aircraft, 
as  a  fractional  part  of  1R. 

Center  of  gravity  of  the  main  gear, 
measured  from  the  nose  of  the  aircraft, 
as  a  fractional  part  of  lfi. 


i 


'  T 
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LOC  (2682)  Xyg/ig 

LOC  (2683)  XpDgAXpjjs 

LOC  (2684)  XAV/iB 
LOC  (2685)  XfushAb 

LOC  (2686)  X^^y/lg 
LOC  (2687)  X^tg 

LOC  (2688)  X^/AX^g 

LOC  (2689)  X^ljg 

LOC  (2690)  Xsc/lB 
LOC  (2691)  XASC/tB 


Center  of  gravity  of  the  primary  engine 
package,  measured  from  the  nose  of  the 
aircraft  as  a  fractional  part  of  lg. 

The  engine  package  consists  of  the8 
engine  section,  engine,  engine 
installation  and  fuel  system. 

Center  of  gravity  of  the  primary  drive 
system  measured  as  a  fractional  part 
of  the  distance  between  the  main  rotor 
and  tail  rotor  The  tail  rotor  drive 
system  weight  and  balance  are  computed 
and  located  automatically. 

Center  of  gravity  of  the  avionics  system, 
measured  from  the  nose  of  the  aircraft, 
as  a  fractional  part  of  lg. 

Center  of  gravity  of  the  furnishings 
end  equipment,  cockpit  controls  and  a 
portion  of  the  useful  load  (pilot  and 
copilot),  measured  from  the  nose  of 
the  aircraft  as  a  fractional  part  of  lg. 

Center  of  gravity  of  the  APU,  measured 
from  the  nose  of  the  aircraft,  as  a 
fractional  part  of  1B. 

Center  of  gravity  of  the  auxiliary 
engine  package,  measured  from  the  nose 
of  the  aircraft,  as  a  fractional  part 
of  lg.  The  auxiliary  engine  package 

consists  of  the  auxiliary  engine  section, 
auxiliary  engine  and  auxiliary  engine 
installation. 

Center  of  gravity  of  the  auxiliary 
drive  system  as  a  fractional  part  of 
the  distance  between  the  auxiliary 
engine  and  auxiliary  rotor  system. 

Center  of  gravity  of  the  auxiliary 
rotor  and  auxiliary  rotor  controls, 
measured  from  the  nose  of  the  air¬ 
craft,  as  a  fractional  part  of  ^g. 

Center  of  gravity  of  the  system  controls, 
measured  from  the  nose  of  the  aircraft, 
as  a  fractional  part  of  lg. 

Center  of  gravity  of  the  auxiliary 
system  controls,  measured  from  the 
nose  of  the  aircraft,  as  a  fractional 
part  of  lg. 
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LOC  (2692)  WAV 
LOC  (2693) 

LOC  (2694) 

LOC  (2695)  K^g 

LOC  (2696)  K^gg 


Total  weight  of  the  avionics  group 
weight  plus  SAS  input  from  flight 
controls  column  of  weight  input  sheet. 

Total  weight  of  furnishings  and  equipment 
group  located  in  the  pilot's  compartment 
and  the  weight  of  the  cockpit  controls 
(CC)  as  determined  from  the  input  con¬ 
stant  in  flight  controls  column  of  weight 
input  sheet. 

Total  weight  of  auxiliary  power  unit 
( APU )  installation . 

Fractional  part  of  fixed  useful  load 
(pilot,  co-pilot,  etc.)  located  in 
the  pilot's  compartment. 

Tail  boom  weight  expressed  as  a 
fractional  part  of  the  computed 
body  weight.  The  center  of  gravity 
of  the  tail  boom  is  automatically 
computed  in  the  program. 


Items  of  the  operating  weight  empty  not  included  in  the  loca¬ 
tion  descriptions  presented  above  are  located  at  the  aircraft 
center  of  gravity  as  computed  by  the  balance  subroutine.  An 
example  of  a  completed  weight-balance  information  sheet  for  a 
typical  single  rotor  helicopter  is  shown  below. 


WBIGHT-BALANCE  INFORMATION 
(Required  Only  Whan  MRFIND  >  0) 


! 


Variable 

toe. 

Value 

(xcor/lB1 

a«7« 

0.429 

OCG* 

2679 

0.10 

(W 

26*0 

0.216 

26*1 

0.794 

26*2 

0.727 

(pW^Soal  )„ 

26*3 

0.993 

ESSE 

m 

0.4*9 

Variable 

LOC. 

value 

Variable 

LOCe 

Value 

<*F01wA*> 

2619 

0.334 

WAV 

2692 

469  , 

(*avoAb> 

26*6 

0.424 

“turn 

2693 

i 

416  I 

i 

<XaeAb> 

26*7 

B 

91 

2694 

172  5 

(XADB/tXADS) 

26** 

B 

kfuls 

2699 

0.731. 

E3S3H 

2619 

B 

*TB*B 

2*96 

0.13ft 

■  ■ 

asm 

r.wtg  :< 

ESS  1 

2690 

'1 

—fa  ri  | 

(Xmc/i,) 

2691 

B 

J 

J 

4-218 
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MIL>5TD*1374  PART  I 

“ir- 


MaM. 


GROUP  WEIGHT  STATEMENT 

AIRCRAFT 

(INCLUDING  ROTORCRAFT1 
ESTIMATED  .  CALCULATED  .  ACTUAL 
(Cross  Out  Thoso  Not  Applicable) 


CONTRACT  NO. _ 

AIRCRAFT,  GOVERNMENT  NO. 
AIRCRAFT,  CONTRACTOR  NO. 
MANUFACTURED  BY _ 


V 

MAIN 

AUX 

Mi 

MANUFACTURED  BY 

1 

MODEL 

£ 

NO. 

TYPE 

PAGES  REMOVED 


PAGE  NO 


»wo ■ftOT'IW*' 


M1L-STO-1374  PART  I 


OiOUP  WEIGHT  STATEMENT 
WEIGHT  EMPTY 


MIL-STD-U74  PART  I 
»— 


GEOUP  WEIGHT  STATEMENT 
DIMENSIONAL  AND  STEUCTUBAl  OATA 


MU.-STD.t374  PART  I 
“ — 


GROUP  WEIGHT  STATEMENT 


AIRFRAME  WEIGHT 


Rtfart 


The  Airframe  Weight  to  be  entered  on  line  57  of  page  5  of  the  Group  Weight 
Statement  should  be  derived  here  In  detail  starving  those  items  deducted 
from  weight  empty  as  required  by  the  document  "Cost  Information  Reports 
(CIR)  for  Aircraft, 'Missiles,  and  Space  Systems"  dated  21  Aprll,J966,  or 
subsequent  revisions  thereto.  Airframe  weight  is  the  same  as  previously 
called  AMPR  andDCPR  and  is  not  to  be  confused  with  "Work  Breakdown 
Structure  (WBS)  Airframe  Cost  Definition. " 


WEIGHT  EMPTY 

DEDUCT  THE  FOLLOWING  ITEMS 
(ITEMIZE) 


AIRFRAME  WEIGHT 
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4.12  PERFORMANCE  CALCULATIONS  SUBPROGRAM 

The  flow  chart  of  the  control  loop  for  the  performance  calcu¬ 
lations  subprogram  is  shown  in  Figure  4-48 .  This  routine 
monitors  the  flow  during  calculation  of  mission  perfozmance 
data  and  calculates  the  total  fuel  required  at  the  end  of  the 
mission. 
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coTojgo _ 
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41  CALL  CNUS l  (ICTUS.  INOSCT] 
CO  TO  200 _ 
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Is  SB 

WTO  200 _ 


Figure  4-48.  PRFRM  Subroutine,  Flow  Chart  (Part  4  of  6) 
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4.12.1  Taxi  Calculations  Subroutine 


The  taxi  calculations  subroutine  (specified  by  SGTIND  ■  1) , 
calculates  the  fuel  required  to  taxi  at  ground  idle  engine 
setting  for  a  specified  period  of  tine.  For  aircraft  which 
have  independent  auxiliary  cruise  propulsion  systems  {AIPIND  • 
2) ,  the  program  will  calculate  taxi  performance  for  either 
primary  engines  operating  alone,  or  both  primary  and  auxiliary 
cruise  propulsion  engines  operating.  This  is  accomplished  by 
means  of  the  input  constant  kpr*  If  kpj  *  the  program  will 
consider  only  primary  engines  in  operation  in  determining  fuel 
flow  rates.  If  kpj  «  1,  the  program  will  include  both  primary 
and  lift  propulsion  systems  in  calculating  the  fuel  flow  rates 
and  the  corresponding  reduction  in  aircraft  gross  weight. 
Figure  4-49  is  a  flow  chart  of  this  subroutine. 

Input  to  this  subroutine  consists  of  the  time  for  taxi,  value 
of  kpx'  and  atmospheric  conditions. 
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4.12.2  Takeoff/  Hovar,  and  Landing  Calculations  Subroutine 

The  takeoff,  hover,  and  landing  calculations  subroutine 
(specified  lay  SGTIND  *  2)  will  calculate  the  thrust  or  power 
required  and  corresponding  fuel  flow  rates  during  simulated 
takeoff /hover/landing  operations.  Four  options  are  available, 
specified  by  the  input  indicator  TOLIND: 

TOLIND  *  1  -  Input  required  thrust-weight  ratio  and  vertical 
rate  of  climb.  Program  will  calculate  required 
power  fractions. 

TOLIND  ■  2  -  Input  the  required  power  fraction  and  vertical 
rate  of  climb.  Program  will  calculate  thrust- 
weight  ratio. 

TOLIND  ■  3  -  This  option  is  the  same  as  TOLIND  *  1,  except 

hover  in  ground  effect  is  assumed,  requiring  the 
input  of  height  of  fuselage  bottom  above  ground 
as  a  fraction  of  main  rotor  diameter. 

TOLIND  *  4  -  This  option  is  the  same  as  TOLIND  *  2,  except 

hover  in  ground  effect  is  assumed,  requiring  the 
input  of  height  of  fuselage  bottom  above  ground 
as  a  fraction  of  main  rotor  diameter. 

In  all  cases,  the  program  will  print  out  the  power  fraction 
and  thrust-weight  ratio.  The  program  will  permit  operation 
at  power  fractions  greater  than  1.0  (more  than  100  percent  of 
available  power)  in  order  to  make  it  easier  to  perform  studies 
in  which  engine  power  is  being  varied  parametrically  to  sat¬ 
isfy  specified  takeoff  or  landing  requirements  as  a  site.  The 
program  will,  however ,  print  a  cautionary  note  that  power 
fraction  exceeds  100  percent.  In  the  case  (TOHL  ■  2  or  4) 
where  the  required  power  fraction  is  input,  if  the  calculated 
thrust-weight  ratio  is  less  than  the  design  thrust-weight 
ratio  input  (LOC  0228),  the  following  cautionary  note  will  be 
printed:  INSUFFICIENT  POWER  AVAILABLE  TO  HOVER.  T/W  AVAIL¬ 
ABLE  LESS  THAN  T/W  REQUIRED  AT  DESIGN  DOWNLOAD* 

For  a  helicopter  configuration  having  auxiliary  independent 
engines,  the  program  sets  the  auxiliary  engine  power  setting 
at  ground  idle. 

It  is  possible  to  use  a  hover  segment  in  the  mission  profile  to 
account  for  a  reserve  fuel  requirement  (SGTIND  ■  20) ,  in  such  a 
case  the  helicopter  weight  at  the  end  of  hover  is  set  back  to 
the  weight  at  the  beginning  of  hover,  or  as  a  part  of  the  basic 
mission  (in  this  case  the  weight  is  not  reset) .  In  either 
case,  the  fuel  used  during  hover  is  included  in  the  total  fuel 
required  to  size  the  helicopter. 

Figure  4-50  is  a  flow  chart  for  this  subroutine. 
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Figure  4-50.  Takeoff,  Hover,  and  Landing  Subroutine 
Flow  Chart  (Part  1  of  4) . 
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Figure  4-50. 


Takaoff ,  Hovar ,  and  Landing  Subroutina 
Flow  Chart  (Fart  2  of  4) . 
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Figure  4-50.  Takeoff,  Hover,  and  Landing  Subroutine 
Flow  Chart  (Part  3  of  4) . 


4.12.3  Climb  Calculations  Subroutine 


The  third  performance  segment  is  a  calculation  of  climb 
performance.  Four  options  are  available,  specified  by  the 
indicator  CLMIND: 


CLMXND  -  1  -  The  program  calculates  performance  of  the  air¬ 
craft  in  a  maximum  rate  of  climb  ascent  limited 
by  maximum  operating  airspeed  and  maximum  operat¬ 
ing  Mach  number.  In  no  event  will  the  aircraft 
be  required  to  fly  at  an  airspeed  greater  than 
the  input  maximum  operating  airspeed. 

CLMIND  *  2  -  The  program  calculates  the  climb  performance  of 
the  aircraft  at  specified  constant  equivalent 
airspeed  limited,  as  before,  by  M^  and  VM0* 

CLMIND  *  3  -  Climb  performance  is  calculated  at  constant 

specified  Mach  number.  Otherwise,  the  option  is 
similar  to  CLMIND  -  2. 


CLMIND 


4  -  Climb  will  be  calculated  at  constant  true  air¬ 
speed  with  the  same  constraints  as  for  CLMIND  *  2. 


For  all  options,  the  user  may  input  the  power  setting  of  the 
engines  which  will  be  considered  to  be  the  maximum  permissible 
rating.  This  is  accomplished  by  means  of  the  indicator 
POWIND: 

POWIND  *  0 :  . Maximum 

POWIND  »  1 j  Military  >  engine  rating 
POWIND  -  2:  Normal  J 

The  user  may  specify  a  value  for  incremental  equivalent  flat 
plate  area  parasite  drag  during  climb,  AFe^jMB'  to  represent 
variations  in  store  drag. 

Engine  shutdown  during  climb  may  be  simulated  by  inputs  for 


If  the  flight  path  (climb)  angle  exceeds  $0  degrees,  the 
engine  power  setting  is  reduced  and  the  program  prints  out: 


CAUTION:  CLIMB  ANGLE  TOO  LARGE  DUE  TO  EXCESSIVE  POWER 
AVAILABLE  AT  THIS  FLIGHT  CONDITION.  POWER 
SETTING  REDUCED  TO  _  ENGINE  RATING. 


If.  there  is  insufficient  power  available  for  climb,  the  engine 
power  setting  is  increased  and  the  program  prints  out: 
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CAUTION:  INSUFFICIENT  POWER  AVAILABLE  FOR  CLIMB  AT 

THIS  FLIGHT  CONDITION.  POWER  SETTING 
INCREASED  TO  _  ENGINE  RATING. 

The  input  has  two  applications.  If  hQp^iND  ®  1  (optimum 

altitude  search)  and  the  climb  is  followed  by  a  cruise,  the 
input  value  of  h^x  will  be  interpreted  as  the  maximum  flight 
altitude  for  the  following  cruise.  If  the  optimum  cruise 
altitude  is  determined  by  the  program  to  be  at  an  altitude 
less  than  1%^,  the  climb  will  terminate  at  the  lower  altitude. 
If  an  optimum  altitude  search  is  not  being  used  or  if  the  fol¬ 
lowing  segment  is  other  than  a  cruise,  the  input  hm»y  is 
interpreted  as  the  final  altitude  for  the  climb  segment. 

It  is  possible  to  use  a  climb  segment  in  the  mission  profile 
to  account  for  a  reserve  fuel  requirement  (SGTIND  *  30)  (in 
such  a  case  the  helicopter  weight  at  the  end  of  climb  is  set 
back  to  the  weight  at  the  beginning  of  climb)  or  as  a  part  of 
the  basic  mission  (in  this  case  the  weight  is  not  reset) .  In 
either  case,  the  fuel  used  during  climb  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

Figure  4-51  is  a  flow  chart  for  this  subroutine. 
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Figure  4-51.  CLIMB  Subroutine ,  Flow  Chart  (Part  2  of  15) 
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Figure  4-51.  CLIMB  Subroutine,  Flow  Chert  (Pert  3  of  15) 
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>r  Flow  Chart  (Fart  4  Of  15) 


5 


Plow  Chart  (Part  7  of  15) 


Figure  4-51.  CLIMB  Subroutine,  Flow  Chart  (Part  8  o£  15) 
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CLIMB  Subroutine,  Flow  Chart  (Part  9  of  15} 


Figura  4-51.  CLIMB  Subroutine,  Flow  Chart  (Part  10  of  15) 


Pigura  4-51..  CLIM3  _Subroutina ,  Plow  Chart  (Part  11  o£  15) 
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Figure  4-51/  CLIM3  Subroutine,  Flow  Chart  (Part  15  of  15) 


4.12.4  Cruise  Calculations  Subroutine 

The  fourth  performance  segment  is  the  calculation  of  cruise 
performance.  The  cruise  performance  calculation  contains  six 
separate  options  specifying  the  type  of  cruise  for  the  air¬ 
craft.  This  option  is  determined  by  an  input  idnicator, 
CRSIND. 

CRSIND  »  1  -  This  is  a  calculation  of  helicopter  cruise 

performance  at  a  fixed  cruise  power  setting  and 
at  a  constant  altitude,  constrained  by  limiting 
airspeed  and  Mach  number.  This  option  calculates 
the  true  airspeed,  helicopter  advance  ratio, 
specific  range,  and  reduction  in  gross  weight 
during  cruise.  In  the  case  of  compound  and  aux¬ 
iliary  propulsion  helicopters,  if  the  auxiliary 
propulsion  power  required  (to  satisfy  the  input 
TAUx/TTOT )  i*  greater  than  that  available,  as 
determined  by  POWIND ,  Taux/tTOT  is  readjusted  to 
match  the  power  requirements.  It  should  be 
further  noted  that  in  the  case  of  a  configuration 
having  auxiliary  independent  engines  POWIND, 
which  specifies  the  desired  power  setting  for  the 
primary  engines,  is  used  as  a  limiting  factor  for 
the  auxiliaries. 

CRSIND  »  2  -  This  option  will  calculate  the  cruise  performance 
constrained  by  cruise  power  and  by  limiting  air¬ 
speed  and  Mach  number  of  the  aircraft  at  constant 
true  airspeed  and  constant  altitude.  The  program 
will  calculate  the  power  setting  required,  true 
airspeed,  specific  range,  and  corresponding  re¬ 
duction  in  gross  weight  of  the  aircraft  during 
cruise.  In  the  case  of  an  auxiliary  independent 
engine  configuration,  if  either  the  primary  or 
auxiliary  engine  power  required  is  greater  than 
that  available,  T&ux/TT0T  is  readjusted  accord¬ 
ingly.  Then,  if  a  power  required-power  available 
match  is  not  achieved,  cruise  speed  is  reduced. 

CRSIND  *  3  -  This  option  calculates  the  airspeed  during  cruise 
required  for  best  specific  range,  constrained  by 
normal  power  setting  and  by  limiting  airspeed  and 
Mach  number.  Flight  is  at  constant  altitude. 

When  auxiliary  independent  engines  are  employed, 
cruise  speed  is  reduced  (Taux/tTOT  not  being  re¬ 
adjusted  from  its  input  value)  until  both  auxil¬ 
iary  and  primary  power  required  are  less  than 
available . 

CRSIND  ■  4  -  This  option  will  calculate  the  "long  range 

cruise"  condition;  that  is,  cruise  at  speed  for 
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99%  of  boat  specific  rang*.  Plight  is  con¬ 
strained  by  normal  power  setting,  limiting 
airspeed  and  Mach  number  and  is  at  constant 
altitude . 

CRSIND  ■  5  -  This  option  is  a  calculation  for  a  cruise-climb 
at  a  constant  value  of  w/$  (airplane  weight  to 
ambient  pressure  ratio) .  The  airspeed  will  be 
the  speed  for  best  specific  range. 

CRSIND  »  6  -  This  is  a  calculation  for  a  cruise  climb 

(constant  W/6)  at  the  speed  for  99%  of  best 
specific  range. 

Cruise  power  setting  as  discussed  above  is  defined  by  user 
input  to  be  maximum  (POWIND  •  0) ,  military  (POWIND  -  1) ,  or 
normal  (POWIND  *  2)  engine  rating.  This  subroutine  permits 
simulation  of  cruise  performance  of  an  aircraft  with  an  arbi¬ 
trary  number  of  engines  (both  primary  and  auxiliary)  shut 
down. 

The  program  user  specifies  the  number  of  engines  shut  down  and  a 
corresponding  increment  in  airplane  equivalent  flat  plate  area 
drag. 

The  user  may  also  specify  a  desired  value  of  headwind  when 
CRSIND  *  3  through  6. 

It  is  possible  to  use  a  cruise  segment  in  the  mission  profile 
to  account  for  a  reserve  fuel  requirement  (SGTIND  *  40)  (in 
such  a  case  the  helicopter  weight  at  the  end  of  cruise  is  set 
back  to  the  weight  at  the  beginning  of  cruise)  or  as  a  part  of 
the  basic  mission  (in  this  casd  the  weight  is  not  reset) .  In 
either  case,  the  fuel  used  during  cruise  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

The  input  for  the  subroutine  consists  of  the  final  range  for 
cruise,  the  step  size  (incremental  range) ,  number  of  engines 
shut  down,  increment  in  drag  coefficient,  atmospheric  condi¬ 
tions,  required  true  airspeed  (if  CRSIND  ■  2)  the  headwind 
(if  CRSIND  *  3,  4,  5,  or  6)  and  the  settings  for  CRSIND  and 
POWIND.  Figure  4-52  is  a  flow  chart  of  this  subroutine. 
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Figure  4-52a,  Cruise  Calculations  Subroutine. 
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Figure  4-52b.  Cruise- 1  .Subroutine*. Flow  Chert  (Pert  6  of  12) 


Figure  4-52b..  Cruise  ^.Subroutine,  Flow  Chart  (Part  7  of  12) 


Figure  4-5 2b.  Cruiee.  1  Subroutine,  Flow  Chart  (Part  8  of  12) 
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Figure  4-52b.  Cruise-  1 -Subroutine,  Flow.  Chert  (Part  9  of  12) 
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Figure  4-52c.  Cruise  2  Subroutine,  Flow  Chart  (Part  1  of  8) 
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Figure  4-52(5.  Cruise  2  Subroutine,  Flow  Chert  (Pert  2  of  8) 
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Figure  4-b2c.  Cruise  2  Subroutine#  Flow  Chert  (Pert  3  of  8) 
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Figure  4- 52c.  Cruisa  2  Subroutine,  Flow  Chart  (Part  5  of  8) 
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Figure  4-52c.  Cruise  2  Subroutine#  Flow  Chart  (Part  7  of  8) 
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Figure  4- 52c.  Cruiaa  2  Subroutine,  Flow  Chart  (Part  8  of  8) 
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Figure  4-52d.  Cruiae  3  Subroutine,  Flow  Chart  (Part  2  of  10) 
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Figure  4-52d.  Cruise  3  Subroutine,  Flow  Chart  (Part  3  of  10) 
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Figure  4-52d.  Cruise  3  Subroutine,  Flow  Chart  (Part  4  of  10) 
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Figure  4-52d.  Cruiee  3  Subroutine,  Flow  Chert  (Part  6  of  10) 
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Figure  4-52d.  Cruise  3  Subroutine,  Flow  Chart  (Part  7  of  10) 


Figure  4-52d.  -6rui««_J  Subroutine,  Flow  Chart  (Part  9  of  10) 
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Figure  4-52d.  Cruiaa  3  Subroutine,  Flow  Chert  (Part  10  of  10) 


4.12.5  Descent  Calculations  Subroutine 

Twelve  different  options  for  descent  performance  calculation 
are  available.  The  options  fall  into  three  different  cat¬ 
egories:  descent  at  constant  true  air  speed  (TAS) ,  descent 
at  constant  equivalent  air  speed  (EAS) ,  and  descent  at  con¬ 
stant  Mach  number.  In  addition ,  each  type  of  descent  may  be 
calculated  for  a  specified  type  of  descent  flight  path, 
specified  by  RMAXND  as  follows: 


Value  of  RMAXND  Type  of  Flight  Path 


0  Descent  flight  path  ends  at 

specified  terminal  range. 

1  Program  checks  terminal  range 

requirement,  but  does  not  match 
it. 

2  Descent  flight  path  ends  at  a 

specified  minimum  altitude,  the 
terminal  range  requirement  not 
being  considered. 

3  Fuel  used  and  time  required  for 

descent  are  calculated,  but  no 
range  credit  is  given  ( i . e . , 
spiral  descent  path) . 

Rate  of  descent  (R/D)  is  always  input.  If  the  airspeed-rate 
of  descent  combination  (as  specified  by  DESIND)  exceeds  the 
descent  boundaries,  the  airspeed  will  be  held  constant,  while 
the  R/D  is  adjusted  accordingly.  Figure  4-47  in  which  R/D  is 
plotted  against  flight  speed,  illustrates  the  descent 
boundaries.  They  are: 

(a)  Vertical  rate  of  descent  boundary 


(Y  -  -90°) 


(b) 


vVpx,  (vortex  ring  state)  limit  descent  speed  -  defined  by 
the  equation 


VVRL 


2  nr~ 

T  v  ToK 


where  T  ■  total  rotor  thrust 
A  »  disc  area. 

(c)  Autorotative  descent  (power  required  ■  0) . 
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(a)  Vortical  rata  of  dascant  boundary 

(b)  ’  Vortax  ring  atata  limit  dascant  spaad 

(c)  Autorotativa  dascant  boundary 


Figura  4-53.  Dascant  Boundarias. 
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The  distinction  between  the  first  type  of  descent  flight  path 
(as  specified  by  RMAXND  »  0)  and  the  last  three  (RMAXND  -  1, 

2,  3)  in  regard  to  the  range  at  which  the  descent  starts,  when 
terminal  range  is  specified,  should  be  clearly  understood. 

a.  If  RMAXND  »  0 ,  no  spiral  descent  path  is  permitted.  The 
program  will  calculate  the  value  for  range  at  the  begin- 
ning  of  the  descent  which  is  required  to  satisfy  the 
terminal  condition  on  range  and  altitude.  In  order  to  do 
this,  the  program  "backs  up"  on  the  previous  segment.  If 
this  option  (RMAXND  »  0)  is  used,  the  descent  must  be  pre¬ 
ceded  by  a  cruise  segment.  The  input  value  for  maximum 
range  for  the  preceding  cruise  segment  is  a  duranmy  value 
and  the  cruise  will  actually  terminate,  in  order  to  begin 
descent,  at  an  earlier  point.  It  is  recommended,  however, 
that  when  the  RMAXND  *  0  option  is  to  be  used,  the  maximum 
range  during  the  preceding  cruise  be  input  as  the  same 
value  as  the  terminal  range  at  the  end  of  the  following 
descent. 

b.  If  RMAXND  *  1,  the  descent  will  start  at  the  current  value 
for  range  and,  as  previously  described,  the  aircraft  will 
fly  a  straight-line  path  to  the  desired  terminal  point. 

If  the  predicted  flight  path  (as  checked  against  the 
specified  terminal  range  by  the  program)  ends  beyond  the 
specified  terminal  range,  a  spiral  descent  path  from  the 
altitude  at  that  point  to  the  final  altitude  is  assumed. 

If  the  predicted  flight  path  ends  before  reaching  the 
specified  terminal  range  point,  the  program  prints 
"SHALLOWER  DESCENT  REQUIRED".  The  descent  may  follow 
any  other  segment  (climb,  cruise,  etc.)  or  may  start  the 
mission. 

c.  If  RMAXND  ■  2  or  3,  the  descent  will  start  at  the  current 

value  for  range;  and,  depending  on  the  option  chosen,  will 
either  end  at  the  minimum  altitude  (RMAXND  •  2)  specified, 
with  no  constraint  on  the  resulting  range ,  or  a  spiral 
descent  path  (RMAXND  -  3)  will  be  assumed.  As  with 
RMAXND  •  1,  the  descent  options  may  follow  any  other.  seg-_ 
ment,  or  may  start  the. mission V~  - - — — 

An  increment  in  aircraft  parasite  drag  may  be  input  in  order  to 
simulate  the  effects  of  dive  brakes,  external  stores,  etc.  It 
is  possible  to  use  a  descent  segment  in  the  mission  profile 
to  account  for  a  reserve  fuel  requirement  (SGTIND  *  SO) (in 
such  a  case  the  helicopter  weight  at  the  end  of  descent  is  set 
back  to  the  weight  at  the  beginning  of  descent)  or  as  a  part  of 
the  basic  mission  (in  this  case  the  weight  is  not  reset) .  In 
either  case,  the  fuel  used  during  descent  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

Input  to  the  subroutine  consists  of  the  settings  for  DESIND 
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and  RMAXND,  atmospheric  conditions,  R/D,  the  propulsive  thrust 
split,  the  incremental  parasite  drag,  the  operating  wing  lift 
coefficient  (winged  and  compound  helicopters) ,  the  final  alti¬ 
tude,  the  step  size,  the  required  TAS,  EAS  or  Mach  number,  the 
terminal  range  requirement  (RMAXND  ■  0,  1)  and  the  number  of 
engines  shut  down.  Subroutine  DESPOW  (which  is  called  by  the 
Descent  calculations  subroutine)  calculates  the  power  required 
for  descent  at  the  desired  flight  conditions.  Figure  4-54  is 
a  flow  chart  of  subroutine  DESPOW  and  Figure  4-55  is  a  flow 
chart  of  the  descent  calculations  subroutine. 
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Figure  4-55.  DSCNT  Subroutine,  Plow  Chart  (Part  2  of  10) 
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Figure  4-55.  DSCNT  Subroutine,  Flow  Chart  (Part  3  of  10) 
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Figure  4-55.  DSCNT  Subroutine,  Flow  Chart  (Part  5  of  10) 
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Pigure  4-55.  DSCNT  Subroutine,  Plow  Chart  (Part  9  of  10) 
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4.12.6  Loiter  Calculations  Subroutine 

The  sixth  performance  segment  represents  a  calculation  of 
helicopter  loiter  performance.  In  this  subroutine,  the  heli¬ 
copter  will  fly  at  the  airspeed  for  best  endurance.  This 
subroutine  calculates  the  power  required  and  the  airspeed  to 
maximize  the  endurance  of  the  helicopter.  It  also  determines 
the  fuel  required  to  loiter  for  a  specified  period  of  tinted 

Engine  shutdown  during  loiter  may  be  simulated  by  inputs  for 
NpsD  (primary  engines)  and  Npsoi  ( auxiliary  independent 
engines) .  One  or  more  engines  may  be  shutdown .  A  increment 
in  helicopter  drag  be  input  to  represent  drag 

changes  due  to  external  stores,  windmilling  propellers  (in  the 
case  of  a  compound  helicopter  using  propellers) ,  etc. 

For  a  compound  helicopter,  the  split  of  propulsive  thrust 
required  between  the  main  rotor  and  the  auxiliary  propulsion 
system  may  be  specified  by  an  input  for  (T^^x/T^q^) . 

It  is  possible  to  use  a  loiter  segment  in  the  mission  profile 
to  account  for  a  reserve  fuel  requirement  (SGTIND  *  60)  (in 
such  case  the  helicopter  weight  at  the  end  of  loiter  is  set 
back  to  the  weight  at  the  beginning  of  loiter)  or  as  a  part 
of  the  basic  mission  (in  this  case  the  weight  is  not  reset) . 

In  either  case,  the  fuel  used  during  loiter  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

s 

The  input  to  this  subroutine  consists  of  the  time  for  loiter, 
step  size  (incremental  time) ,  the  incremental  parasite  drag 
area,  the  number  of  engines  (primary  and  auxiliary  independent) 
shut  doom,  the  atmospheric  conditions,  the  operating  wing  lift 
coefficient  (in  the  case  of  compound  and  winged  helicopters) , 
and  the  propulsive  thrust  split.  A  flow  chart  of  this  sub¬ 
routine  is  shown  in  Figure  4-56 . 
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Figure  4-56.  LOITR  Subroutine,  Flow  Chart  (Part  3  of  12) 
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Figure  4,-56.  LOITR* Subroutine ,  Floy  Chart  (Part  6  of  12)  ] 
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Figure  4-56.  LOITR  Subroutine,  Flow  Chart  (Part  9  of  12) 
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Plgur*  4-SS.  LOITR  Subrouting 
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Figure  4-56.  LOITR  Subroutine,  Flow  Chart  (Part  12  of  12) 
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4.12.7  Change  of  Weight  Subroutines 


The  seventh  and  eighth  performance  segments  represent  am 
incremental  change  in  weight  of  fuel  or  payload.  These 
options  would  be  used  to  simulate  refueling,  unloading  or 
loading  of  passengers,  or  a  fuel  drop.  The  input  to  the  sub¬ 
routines  consists  of  the  increment  in  weight  and  a  correspond¬ 
ing  increment  in  time.  The  fuel  or  payload  weight  which  is 
added  is  not  allowed  to  increase  the  aircraft  weight  to  a 
value  greater  than  the  gross  weight  unless  a  performance  case 
is  being  run  and  WGTIND  ■  1.  Inputting  a  large  value  for  the 
increment  in  weight  will  bring  the  aircraft  weight  up  to  gross 
weight  if  WGTIND  «  0  or  a  sizing  case  is  being  run.  Figures 
4-57  and  4-58  are  flow  charts  of  these  subroutines. 
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Figure  4-58.  Change  of  Payload  Weight  Subroutine,  Flow  Chart. 
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4.12.8  Transfer  Altitude 


There  are  many  different  applications  for  which  a  discon¬ 
tinuous  change  in  altitude  may  be  desirable: 

1.  The  flight  profile  may  require  takeoff  at  hot  day,  high 
altitude  conditions  followed  by  climb  from  sea  level  to 
specified  altitude  for  standard  day  conditions. 

2.  It  may  be  required  that  no  credit  be  taken  for  range, 
fuel,  or  distance  during  descent  (for  example, 

Reference  9) . 

3.  It  may  be  required  to  study  cruise  speed  at  specified 
power  at  a  series  of  different  altitudes.  This  can  be 
accomplished  by  a  series  of  very  short  cruise  segments 
interspersed  with  altitude  transfers. 

For  these  and  other  reasons,  the  program  includes  a  transfer 
altitude  segment,  specified  by  SGTIND  *  9.  The  only  required 
input  is  the  altitude  to  which  the  aircraft  is  to  be 
transferred. 

Transfer  altitude  may  also  be  used  during  an  optimum  altitude 
search  when  it  is  followed  by  a  cruise.  In  that  case,  the 
altitude  which  is  input  represents  the  maximum  altitude  per¬ 
mitted  for  the  subsequent  cruise. 

Figure  4-59  is  a  flow  chart  c*  this  subroutine. 


4.12.9  General  Performance 


SGTIND  =  11  represents  the  calculation  of  aircraft  general 
perf ormance .  The  general  performance  calculation  is  based 
on  gross  weight  or  a  change  in  gross  weight  as  determined 
by  the  input  indicator  GWIND. 

GWIND  =1.  -  User  inputs  the  incremental  change  in 

gross  weight  into  location  4150. 

GWIND  =2.  -  User  inputs  the  gross  weight  into  location 

4150. 

The  aircraft  performance  is  calculated  and  printed  out  in 
velocity  increments  specified  in  LOC  (4230)  up  to  a  maximum 
velocity  input  in  LOC  (4250).  The  program  user  specified  the 
altitude,  temperature,  power  turbine  speed  ratio,  thrust  to 
weight,  wing  lift  coefficient,  and  incremental  change  in 
airplane  equivalent  flat  plate  area  drag. 

The  general  performance  mission  is  usually  input  after  an  end 
of  mission  segment  indicator,  SGTIND  =0.  A  flow  chart  of  the 
subroutine  is  shown  in  Figure  4-60. 
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Figure  4-60.  . PRFRP  Subroutine,  Flow  Chert  (Pert  3  of  9) 
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Figure  4-60.  PRFRP  Subroutine,  Flow  Chart  (Part  6  of  9) 


4-331 


Figure  4-60.  PRFRP  Subroutine, 


Figure  4-60.  PRFRP  Subroutine.  Flow  Chart  (Part  9  of  9) 


4.12.10  Function  BIV 

Function  BIV  is  a  two-dimensional  Bivarian  table  look-up 
used  to  interpret  values  such  as  referred  thrust  or  horsepower, 
referred  fuel  flow,  and  referred  Nx  and  N...  The  BIV  function  • 
performs  a  linear  interpolation  between  two  points  on  the 
ordinate  and  two  points  on  the  abscissa.  A  flow  chart  of  the 
subroutine  is  shown  in  Figure  4-61. 
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4.12.11  Function  PARA 


PARA  is  a  two-dimensional  parabolic  interpretation  function 
used  periodically  throughout  HESCOMP.  A  flow  chart  of  the 
subroutine  is  shown  in  Figure  4-62. 
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Figure  4-62.  PARA  Function,  Flow  Chart 


4.12.12  Function  Table 

TABLE  is  a  fourth-order  Lagrangian  interpolation  function 
shown  flowcharted  in  Figure  4-63. 
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Figure  4-64.  TRIV  Function,  Flow  Chart  (Part  2  of  5) 
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4.12.14  Function  XLINT 

XLINT  performs  *  two-dimensional  linear  interpolation 
between  two  points.  This  subroutine  is  used  extensively 
in  subroutines  ROTLIM  and  ROTPOW,  and  shown  in  flowchart 
form  in  Figure  4-65. 
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Figure  4-65.  XLINT  Function,  Flow  Chart 
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4.12.15  Function  XLKUP 

XLKUP  is  a  double  table  parabolic  look-up  function.  A 
flowchart  of  the  subroutine  is  shown  in  Figure  4-66. 
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Figure  4-66.  XLKUP  Function,  Flew*  Chart  (Part  1  of  2) 
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5.1  GENERAL 


Input  to  the  program  is  made  by  means  of  a  standard  set  of 
input  sheets.  Although  there  are  large  quantities  of  possible 
input,  necessitated  by  the  requirement  to  keep  the  program 
flexible  and  general,  the  input  sheets  have  been  configured 
to  give  maximum  visibility  and  reduce  the  tediousness  of  in¬ 
putting  the  data.  This  has  been  accomplished  through  several 
means: 

1.  All  input  of  a  similar  nature  has  been  grouped  together. 
Thus,  all  dimensional  information  is  on  the  same  input 
sheet,  regardless  of  whether  it  is  used  in  the  size  trends 
subroutine  or  elsewhere. 

2.  The  input  sheets  have  been  color-coded  to  distinguish 
between  the  data  required  in  the  sizing  options  (OPTIND  = 

0  or  1)  and  the  much  smaller  amount  of  data  required  for 
performance  calculations  (OPTIND  *  2  or  3). 

3.  Footnotes  on  the  input  sheets  call  attention  to  input 
which  is  not  required  due  to  selection  of  one  of  the 
optional  paths  or  computation. 

4.  For  parametric  studies  where  only  one  or  two  variables 
are  being  changed  from  case  to  case,  a  special  supple¬ 
mentary  input  sheet  may  be  used,  thus  reducing  the 
quantity  of  paper  work. 

5.  All  of  the  input  sheets  are  generally  not  required  for 
typical  sizing  and  performance  runs.  For  example,  the 
rotor  tip  speed  schedule,  rotor  incremental  performance 
and  auxiliary  propulsion  schedule  are  usually  input  only 
once  and  used  in  sucessive  cases.  In  addition,  the 
rotor  cycles  or  maps,  engine  cycles  and  propeller 
performance  maps  (when  required)  are  generally  input  and 
stored  in  libraries  until  called. 

Altogether  there  are  43  different  input  sheets  which  can  be 
loosely  grouped  into  10  categories:  general  information, 
aircraft  descriptive  information,  mission  profile  information, 
rotor  tip  speed  schedule,  incremental  rotor  performance,  aux¬ 
iliary  propulsion  input  schedule,  engine  cycle  information, 
rotor  performance  information,  propeller  performance  information, 
and  supplementary  input  information.  A  specimen  copy  of  each 
input  sheet  is  included  in  this  section.  Descriptions  of  input 
variables,  fortran  names  and  program  indicators  are  given  in 
Section  5.3.  For  completeness,  and  to  aid  in  trouble  shooting, 
a  subroutine  cross  reference  is  provided  in  section  3.4.  This 
section  lists  each  subroutine  and  the  subroutines  it  calls. 

The  use  of  the  various  input  sheets  is  discussed  in  subsequent 
paragraphs . 


5.1.1  General  Information 


Input:  all  primary  program  indicators  (except  those  for 
specific  mission  segments,  such  as  CRSIND),  mission  initial 
conditions,  reserve  fuel  factors,  and  maneuver  load  factor. 

This  sheet  is  always  used. 

5.1.2  Aircraft  Description  Information 

5. 1.2.1  Dimensional  Information  -  Input  characteristic 
geometric  information  for  aircraft  being  studied.  This  includes 
information  for  sizing  the  airframe  and  the  rotor  (main  and 
tail  rotor  if  applicable).  These  sheets  are  used  as  appropriate. 

5. 1.2. 2  Propulsion  Information  -  Input  data  for  numbers  of 
primary  and  auxiliary  independent  propulsion  engines,  pro¬ 
pellers,  propeller  cruise  efficiencies,  etc.,  and  critical 
engine  sizing  conditions.  There  are  three  different  input 
sheets  for  propulsion  information:  one  for  the  primary  en¬ 
gines  (always  used)  and  two  for  use  with  compound  and  auxil¬ 
iary  propulsion  helicopter  configurations.  Of  these  two,  one 
sheet  is  for  propeller  data  and  the  other  for  auxiliary  inde¬ 
pendent  propulsion  engine  data. 

5. 1.2. 3  Aerodynamics  Information  -  Aircraft  drag  can  be 
estimated  two  different  ways.  Either  a  detailed  buildup 
or  a  trend  can  be  used.  For  preliminary  design,  the  trend 
is  sufficiently  accurate.  In  the  case  of  a  compound  and 
winged  helicopter,  wing  section  lift/drag  characteristics, 
two  dimensional  lift  curve  slope  and  Reynolds  number/ft 
should  be  input.  In  addition,  Kw  (Loc  0327)  should  be  input 
as  1.0. 


5. 1.2. 4  Weights  Information  -  Weights  inputs  are  grouped 
according  to  the  major  aircraft  groups.  In  addition,  pro¬ 
visions  are  included  to  add  incremental  weights  to  each  group 
as  well  as  multiplicative  factors  which  can  be  used  to  modify 
subsystem  weights  in  each  major  group. 

Operating  weight  empty  (input  only  if  OFTIND  =  2  or  3),  fixed 
equipment,  fixed  useful  load  and  payload  are  input  as  lump 
sum  numbers .  Flight  control  inputs  are  broken  down  into  the 
major  groups  of  cockpit,  rotor,  system  (upper  controls),  fixed 
wing  SAS,  and  tilt  mechanism  controls.  Inputs  for  auxiliary 
controls  are  also  provided. 

The  inputs  for  structural  weights  include  fuselage,  landing 
gear,  wings  and  tails.  Crash  load  factors,  nacelle  and  air 
induction  system  factors  are  also  input.  Provisions  are  in¬ 
cluded  which  account  for  concentrated  loads  on  wing  structure. 
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Propulsion  group  weights  are  subdivided  into  main  rotor 
blades  and  hubs,  tail  and  auxiliary  rotors,  main  and  auxil¬ 
iary  powerplant  installation  weights.  Primary  and  auxiliary 
engine  weights  are  input  as  part  of  the  engine  cycle  data. 

The  weights  information  sheet  is  always  used  when  using 
OPTXND  =0,1  and  3.0. 

When  MRPIND  (LOC  0019)  is  set  to  either  1.0  or  2.0,  the 
program  will  compute  the  main  rotor  position  of  a  single 
rotor  pure  or  compound  helicopter  based  on  a  simple  mass 
balance.  If  this  option  is  used,  the  non-dimensional  posi¬ 
tions  of  the  major  subsystems  must  be  input.  If  this 
option  is  not  used,  the  main  rotor  non-dimensional  position 
must  be  input.  For  most  preliminary  design  studies,  the 
rotor  position  is  input. 

5. 1.2. 5  Rotor  Limits  Information  -  Rotor  limits  information 
are  always  used.  Limits  are  input  in  the  form  of  rotor  lift 
(C_,'/a  )  as  a  function  of  propulsive  force  ( C^/o  )  and 
rotor  advance  ratio  v  .  All  tables  must  be  input  in  ascend¬ 
ing  order  and  be  3  x  3  or  greater.  This  table  must  be  con¬ 
sistent  with  the  C^/o  values  used  in  rotor  sizing. 

5. 1.2. 6  Non  Standard  Atmosphere  Information  -  HESCOMP 
currently  permits  three  atmosphere  options.  Standard  at¬ 
mosphere,  standard  atmosphere  plus  a  constant  change  in 
temperature,  and  on  arbitrary  non  standard  atmosphere.  This 
sheet  is  only  used  if  a  non  standard  atmosphere  is  used  any¬ 
where  in  the  program. 

5.1.3  Mission  Profile  Information 

There  are  eight  input  sheets  for  mission  profile  information. 
These  are  not  required  when  OPTIND  =  0  (weights  only).  The 
sheets  are: 

1.  Taxi  Information 

2.  Takeoff,  Hover,  and  Landing  Information 

3.  Climb  Information 

4 .  Cruise  Information 

5.  Descent  Information 

6.  Loiter  Information 

7.  Change  of  Weight  and  Transfer  Altitude  information 
( incorporating  change  of  fuel  weight,  change  of 
payload  weight,  and  trams far  altitude) 

8 .  General  Performance 

Each  input  variable  on  the  mission  profile  sheets  is  repre¬ 
sented  by  an  array  of  ten  input  locations .  The  data  for  these 
locations  is  filled  in  sequentially  by  rows  as  the  particular 
mission  segment  is  used.  For  exauaple,  the  first  time  that 
taxi  is  used  in  a  particular  case,  the  required  input  infor¬ 
mation  is  filled  in  on  the  first  row  of  the  input  sheet. 
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Data  for  the  second  taxi  of  a  case  is  filled  in  on  the  second 
row,  and  so  on.  Thus,  up  to  ten  of  any  particular  segment 
may  b<*  used  in  a  case. 

5 . 1 ;4  Rotor  Tip  Speed  Schedule 

Rotor  tip  speed  or  advancing  tip  Mach  number  can  be  input  as 
a  function  of  forward  flight  Mach  number.  This  option  is 
most  useful  in  simulating  rotor  sp  -  .1  reduction  required  for 
a  compound  helicopter  flying  to  hrg,.  speeds.  If  N-.-./N 

1  “max 

is  input  between  10  and  20,  the  program  assumes  the  schedule 
is  a  mix  of  advancing  tip  Mach  number  and  tip  speeds.  If 
NiX/M. i  is  input  greater  than  20,  then  the  program  assumes 
max 

tip  speeds  only  are  input. 


If  a  tip  speed  schedule  is  not  desired,  the  tip  speed  in 
each  segment  can  be  changed  by  inputting  the  appropriate 
value  of  in  the  segment.  In  this  case,  Pji^II 

max  max 

is  always  input  less  than  10.  This  sheet  will  generally  not 
be  required  for  anything  but  a  high  speed  helicopter.  Addi¬ 
tional  explanation  is  found  in  Section  5.3,  Program  Input, 
and  in  the  sample  cases. 

5.1.5  Auxiliary  Propulsion  Schedule  Input 

When  studying  a  propulsively  unloaded  compound  helicopter, 
the  propulsive  unloading  ratio  (Taux/T)  in  segments  2,  3, 

4,  5,  6  and  11  cam  be  specified  in  three  ways.  If  Taux/T 
is  input  <1000  (typically  between  0.0  and  approximately 
1.2)  in  the  segments  noted,  the  program  uses  them  as  input. 

If  the  Taux/T  inputs  in  the  noted  segments  are  input  equal 
to  1000,  the  auxiliary  propulsive  schedule  as  a  function 
of  advance  ratio  y  is  used  by  the  program.  If  the  Taux/T 
inputs  in  segments  2,  3,  4,  5,  6  and  11  are  set  equal  to 
2000,  the  input  auxiliary  propulsion  schedule  is  used  up 
to  the  transition  advance  ratio  indicated  by  location  1692. 
Above  that  advance  ratio,  the  Taux/T  corresponding  to  max¬ 
imum  rotor  or  configuration  L/D  is  used.  Additional 
explanation  is  included  in  Section  5.3,  Program  Input,  and 
in  the  sample  cases. 

5.1.6  Engine  Cycle  Information 

The  engine  cycle  sheets  may  be  used  to  input  engine  cycle 
data  when  one  of  the  standard  engine  cycles  is  not  used. 

The  three  engine  cycle  sheets  are  divided  into  standard 
performance  information  and  nonstandard  performance  infor¬ 
mation.  The  standard  performance  data,  of  which  there  are 
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two  sheets,  represent  the  performance  of  idealized  engine 
cycles.  These  data  are  unlimited  except  for  the  effect 
of  engine  ratings,  which  are  dictated  by  values  of  turbine 
temperature.  The  nonstandard  performance  represents 
limiting  values  of  fuel  flow,  torque,  rpm  and  other 
nonstandard  effects.  It  should  be  noted  that  auxiliary 
independent  engine  input  data  can  be  created  from  the 
HESCOMP  engine  cycle  library  data  simply  by  the  input 
of  the  applicable  engine  cycle  IBM  card  deck,  preceded 
and  followed  by  a  "66666"  card.  Nonstandard  auxiliary  in¬ 
dependent  engine  performance  is  input  using  the  sheet  pro¬ 
vided  for  that  purpose.  The  engine  non-dimensionalized 
weight  and  dimensions  are  input  on  these  sheets.  Engine 
cycle  data  are  always  required. 

5.1.7  Rotor  Performance  Data 

Rotor  performance  is  calculated  either  by  the  short  form 
rotor  performance  method  (ROTXND  *  1)  or  using  input  maps 
of  rotor  performance  as  a  function  of  lift  and  propulsive 
force  (ROTIND  a  2  to  6).  The  short  form  rotor  performance 
methodology  (ROTIND  =  1.0)  is  a  combination  of  momentum 
theory  and  empirically  derived  factors.  The  option  is  used 
when  the  performance  of  a  conventional  rotor  is  desired. 

In  addition,  the  input  coefficients  can  be  modified  to 
simulate  more  advanced  rotor  cycles. 

Alternatively,  rotor  performance  data  may*be  input  in  "map" 
form  (ROTIND  »  2,  3  in  the  case  of  Type  I  "maps"  and  ROTIND  * 

4,  5,  6  for  Type  II  "maps")  using  the  ten  input  sheets 
(combined  total  of  Types  I  and  II)  provided  for  this  purpose. 
The  first  sheet  is  for  hover  performance  data  which  is  input 
as  a  table  of  x-g/o  as  a  function  of  C_/o  and  M-^  in  the 
case  of  Type  I  "map"  and  F.M.  as  a  function  of  C Zsa  and  M-.p 
in  the  case  of  the  Type  II  "map".  The  remaining1 four  sheets 
are  for  cruise  performance  data  which  is  input  as  a  table  of 
C_ /a  as  a  function  of  w,  c _'/o,  and  C„/a  for  the  Type  I  "map" 
and  D/D  as  a  function  of  v,  c  •/<* ,  and  X/L  for  the  Type  II 
"map".  *When  ROTIND  *  5  and  6,  rotor  performance  is  optimized 
for  either  best  rotor  or  best  overall  configuration  L/Dg. 

5.1.8  Propeller  Performance  Data 

Propeller  performance  computations  are  input  to  the  program 
in  three  ways.  In  the  first  (  XND  *  0),  propeller  effi¬ 
ciencies  are  input  as  a  function  of  flight  Mach  number .  This 
is  generally  the  most  convenient  way  of  conducting  parametric 
studies.  In  the  second  (n  IND  >1),  a  complete  map  of  a 
known  propeller  is  used.  Values  of  propeller  power  coefficient 
are  input  for  combinations  of  propeller  advance  ratio  and 
thrust  coefficient.  This  option  requires  that  a  propeller 
has  been  defined  and  complete  performance  information  is 
available  from  some  other  source. 

/ 
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The  third  method  provided  is  to  allow  the  program  to  calculate 
propeller  performance  using  a  short  method  when  propeller 
geometry  is  either  known  or  assumed.  The  user  need  only  specify 
the  number  of  blades  (3  or  4),  the  activity  factor  per  blade 
and  the  integrated  lift  coefficient,  CL. .  The  method  used  is 
the  short  method  originated  at  the  Curtis -Wright  Corporation 
(Reference  10)  and  involves  the  use  of  a  set  of  equations  which 
are  developed  from  strip  theory,  and  includes  the  effects  of 
compressibility  on  performance.  This  option  should  be  used 
primarily  when  a  propeller  has  already  been  selected  and  per¬ 
formance  is  desired. 

5.1.9  Supplementary  Information 

The  supplementary  input  sheet  may  be  used  for  the  second  and 
subsequent  cases  of  a  parametric  study.  For  example,  in  the 
case  of  a  tandem  rotor  helicopter,  if  the  user  wishes  to 
change  both  the  rotor  overlap/diameter  ratio  (location  0132  - 
see  dimensional  information  sheet)  and  the  disc  loading 
(location  0173  -  see  dimensional  information  sheet),  these 
locations  and  their  new  values  may  be  filled  in  on  the  supple¬ 
mentary  input  sheet. 

Five  typical  problems,  from  input  to  output,  sure  discussed  in 
Section  7.3  of  this  manual. 
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5.2  Specimen  Input  Sheets 

BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 

*  division  or  THI  ioiino  coMPANy  COMPUTER  PROGRAM  B-91 

GENERAL  INFORMATION 


sheet  no. 

CASE  NO. 

of 

TITLE 

CARO 

(72) 

(DIGITS) 


OPTION 
INDICATOR 


PRIN  T 
INDICATOR 


AERO¬ 

DYNAMICS 

INDICATORS 


VARIABLE 

UNIT 

LOC. 

VALUE 

OPTIND 

0001 

OPTIONAL 

PRINT 

0002 

ORGIND 

0003 

OSWIND 

0004 

0  =  AIRCNAPT  W|I«HT 

1  =  SIZE  AIRCRAFT 

2  =  PERFORMANCE  ONLY 

3  =  FUEL  ITERATION 
0  =  STD  PRINT 

1  =  DETAILED  PRINT 


:  COMPONENT  DRAG  BUILO-uP 
:  (GW/FR)  DRAG  TREND 


0  “  INPUT  • 

\  -  PROG.  CALC. 


MISSION  PROFILE  INFORMATION 

MAXIMUM  OF  50  CONSECUTIVE  SEGMENTS 

VALUES  OF  SGTIND 


0=  END  OF  MISSION 
1  =  T  AXI 

2=  T.O.,  HOVER,  LAND 
3  =  CLIMB 
4 -  CRUI SE 


5=  DESCENT 
6=  LOITER 
7=  CHANGE  FUEL 
6  =  CHANGE  PAYLOAD 
9=TRANSFER  ALTITUDE 

Hr general 

PERFORMANCE 

100  rEND  OF  CASE 


1ST 

ORDER 

SIZE 

TREND 

AND 

PRO¬ 

PULSION 


(ALWAYS 

INPUT) 


2ND 

ORDER 

SIZE 

TREND 

AND 

PRO¬ 

PULSION 


(OPTIONAL 

INPUT) 


CNFIND 

0005 

AUXIND 

0006 

RDMIND 

0007 

FIXIND 

0008 

ROTIND 

0009 

SyyiNO 

NOTE 

a 

0010 

a 

z 

2 

-o 

NOTE 

a 

0011 

AIPIND 

NOTE 

b 

0012 

ENGIND 

NOTE 

C 

0013 

FIXINDI 

NOTE 

C 

0014 

TRDIND 

NOTE 

d 

0015 

TRSIND 

NOTE 

d 

0016 

VTFIND 

NOTE 

d 

0017 

HTIND 

NOTE 

d 

0018 

MRPIND 

NOTE 

d 

0019 

FDMIND 

NOTE 

• 

0020 

APHIND 

NOTE 

• 

0021 

ESCIND 

NOTE 

1 

0022 

INITIAL 
CONDITIONS' 


FLIGHT  PATH 
CONTROL  IN¬ 
DICATOR 


LIMITING 

SPEED 


MANEUVER 
LOAD 
FAC TOR 


RESERVE 

FUEL 

FACTORS 


:  SINGLE  ROTOR 
:  TANDEM  ROTOR 


1  -  PURE  HELICOPTER 

2  =  INCLUDING  WINGS  (ONLY) 

3  =  INCL.AUX.  PROPULSION  (ONLY) 

4  =  COMPOUND  (WINGS  ft  AUX.  PROP) 

1  =  INPUT  0MR,  °  2  -  INPUT 

3  =  INPUT  0M„,  CT/C  W/A,  a 

4  =  IN  PUT  W/A,  CT  /<7 

0  =  IN  PUT  FIXED  SIZE  PRIM.  ENG. 

I  =  PROG. SIZE  PRIM. ENG. 


1  =  SHORT  FORM  ROTOR  PERF. 
2,3,=  ROTOR  MAP  INPUT 
4.9,0  =  L  /Dq  ROTOR  MAP  INPUT 


,1  =  INPUT  Syu 
\2  -  INPUT  w”s 

SIZE  FOR  MANEUVER 


1  =  INPUT  /D 

|2  =  IN  PUT  AIT 
3  =  DETER  SY  PROP  CLEAR 


1  =  no  inde  p.  aux.  Engines 

2  =  INDE  P.  AUX  .  EN  GINCS 


:  t  /shaft  inocp.  aux.  Eng. 


Is* 

2nd 

3rd 

4th 

5th 

6th 

7th 

Sth 

G. 

9th 


1  -  T  /FAN  OR  T/JET  INDE  P.  AUX.  ENG. 
0=  INPUT  FIXED  SIZE  AUX. 

INDE  P.  ENG. 

1  -  PROG.  SIZE  AUX.  INDE  P.  ENG. 

0  =  NO  TAIL  ROTOR  . 

1  =  PROG.  USES  0T„  TREND  10th 

|2  =  INPUT  DTr  3  =  INPUT  (J/A)  NET 

INPUT  <Trn 
|2  =  INPUT  C  T/  £7 
t  =  INPUT  AR  v  T ,  CVT 

2  =  IH.UTCL  vOI5.CVT 
;3  =  INPUT  r 


v  0  ES  • 


"VT 


FIXED  SIZE  HOR.  TAIL 
INPUT  TAIL  VOL.  COEFF. 
0  =  IN  PUT 


nth 

12th 

13th 

14th 


1.2  =  PROG. CALC  XM/1# 

I  =  IN  PUT((0  /l)/D).ROTOR  POSN*s]5th 
9  =  iudiitIIa  /■  l/nt  I 


16th 


WG0 

LBS 

0023 

• 

ho 

FT 

0024 

Ro 

NM 

0025 

*0 

HR 

0026 

|3  ~  INPUT  1  C(  ROTOR  POSN'S 

1  =  INPUT  hp2 

2  =  IN  PUT  g/s 

1  =SIZE  PRIM.  ENG.  FOR  T /o  ONLv]7th 
[2  =  SI  ZE  PRIM.  ENG.  FOR  T  /o  OR 
CRUISE 

18th 

|GROSS  weight 

19th 


IMACH  NO. 


^.NO 

0027 

Mmo 

0028 

I  VMO 

KTS 

EAS 

0029 

1  Vdive 

KTS 

EAS 

0030 

mlf 

0031 

Kl 

0032 

SwF 

LBS 

0033 

*££ _ 

0034 

20th 

21st 

22nd 

23rd 

24th 

25th 


ro.M  SSI  10  (8/701 
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LOC. 

VALUE 

LOC. 

VALUE 

0035 

26th 

0060 

0036 

27th 

0061 

0037 

28th 

0062 

0038 

29th 

0063 

0039 

30th 

0064 

0040 

31st 

0065 

0041 

32nd 

0066 

0042 

33rd 

0067 

0043 

34th 

0068 

0044 

35th 

0069 

0045 

36th 

0070 

0046 

37th 

0071 

0047 

38th 

0072 

0048 

39th 

0073 

0049 

40th 

0074 

0050 

41st 

0075 

0051 

42nd 

0076 

0052 

43rd 

0077 

0053 

44th 

0078 

0054 

45th 

0079 

0055 

46th 

0080 

0056 

47th 

0081 

f 

0057 

48th 

0062 

0058 

49th 

0083 

0059 

50th 

0064 

NOTES:  INPUT  ONLY  IF: 

a.  AUXIND  =  2,4  «.  CNFIND  -  2 

b.  AUXIND  =  3,4  f.  FIXIND 

c.  AIPINO  =  2 

d.  CNFIND  =  1 

NOTE:  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY 
THOSE  ITEMS  IN  THE  SHADED  BLOCKS 


(MEET  NO. 


CASE  NO. 


BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AMD  PERFORMANCE 

A  division  or  the  socihs  company  COMPUTER  PROGRAM  8-91 

HELICOPTER  DIMENSIONAL  INFORMATION 


NOTE;  WHEN  OPTINO  =  2  OR  3  CONSIDER  ONLY 
THOSE  ITEMS  IN  THE  SHADED  BLOCKS 


t  ~  WHEN  CNFIND  =  1.0^ 

VTFIND  =  1.0 >  Kt=  VERTICAL  TAIL 
TRDIND  =  O.Oj  SPAN  (bVT) 


/ 


WING 


NOTE 

VARIABLE 

UNIT 

LOC. 

VALUE 

a 

Sw 

FT  2 

0101 

b 

w/s 

PSF 

0102 

c 

bw/D 

0103 

d 

AR 

0104 

(t/c  )  R 

0105 

(t/c)T 

0106 

A  c/4 

DEG 

0107 

0108 

e 

CF/C 

0109 

h'/hF 

0110 

f 

CL 

.  — 0 _ 

011  1 

BODY 


NOM  =  1.0 


HOR. 

TAIL 


AR  ht 

0112 

ITn' 

0113 

(t/c)HT 

0114 

9 

VH 

0115 

Xh 

0116 

h 

Sht 

FT2 

0117 

VERT. 

TAIL 


AUX. 

PROP. 


i 

Ycl 

FT 

0118 

i 

0119 

(IF  LOCATED  ON  WING) 


GEN. 


ASwet/Sf 

0120 

aswet 

FT2 

0121 

PRIM. 

ENG. 

MAC. 


NOTES:  INPUT  NOT  NECESSARY  WHEN; 


o.  SyflND  =  2,3 

b.  SWIND  =  1,3 

c.  bwIND  =  2,3 

d.  bwIND  =  1,3 
•.  AUXIND  =  1,3 
I.  SWIND  =  1,2 

g.  HTIND  =  1 

h.  HTIND  =  2 

i.  bwIND  s  1,2 

POEM  ESI!  1  (S/7«) 


j.  MRPIND  =  1,2 

k.  CNFIND  =  2 

l.  FDMIND  =  3 

m.  FDMIND  =  2 

n.  VTFINO  *  2 

p.  VTFIND  =  3 

q.  VTFIND  =  1 

r.  AIPIND  =  2 


AUX. 

IND. 

ENC. 

NAC. 
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40TE 

VARIABLE 

UNIT 

LOC. 

VALUE 

FT 

0122 

WF 

FT 

0123 

d/dh> 

0124 

d/d\ 

0125 

k 

FT 

0126 

Lw 

FT 

0127 

j 

(XM/ L  ) 

0128 

k 

(IjB  /^TB  ) 

0129 

k 

^ttb  /^TB  ) 

0130 

k 

b  T  STING 

0131 

1 

(»/u/D) 

0132 

m 

(Ax,/ 

0133 

m 

(  Ax2/  4) 

0134 

_ 

n 

IKSSliii 

■ 

0135 

K 

> 

0136 

(t/c)VT 

p 

^VT 

0138 

n 

■ICfc  OR  byt 

0139 

a 

^Loes 

0140 

a 

mam 

QQ 

SZH 

0141 

h 

0142 

0143 

* 

0144 

(  Lip  /  L  1 

0145 

r 

*4 

0146 

r 

h 

0147 

r 

* 

0148 

r 

(Jaia/Ipa) 

0149 

r 

AS/Ss„ 

0150 

r 

^NS^NI 

0151 

BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE  [sheet  no.  [case  no. 

A  DIVISION  OF  THE  BOEING  COMPANY  COMPUTER  PROGRAM  B-91  OF 


BOEING  VERTQL  COMPANY 

A  DIVISION  or  r»£  tO-ONC  COMPANY 


HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 
COMPUTER  PROGRAM  B-91 


SHEET  NO. 

CASE  NO. 

or 

HELICOPTER  AERODYNAMICS  INFORMATION 

NOTE:  WHEN  OPTIND  =  2  CONSIDER  ONLY  THOSE  ITEMS  IN  THE  SHADED  BLOCKS 


WING  PROFILE  DRAG  AS  FUNCTION  OF  CL 


NOTE:  Q.w.  CDwi  input 

NOT  NECESSARY 
WHEN  AUXtND  =  1,3 


Emi 

ESI 

Cd*  £  (2), 

0340 

C0w  j<*> 

0341 

Cow  j(*l 

0342 

Co*  j  W 

0343 

C0wit«> 

0344 

0345 

Cowi<B) 

0346 

■ 

mm 

0331 

Cuw(2) 

0332 

Ctw<3) 

0333 

CLW<«> 

0334 

Ctw<s) 

0335 

Cuw<«l 

0336 

0337 

Clw<»> 

0338 

NOTES:  «.  INPUT  NOT  NECESSARY  WHEN  CNFIND  =  2 

b.  INPUT  NOT  NECESSARY  WHEN  CNFIND  =  1 

c.  INPUT  NOT  NECESSARY  WHEN  DRGINO  =  I 

d.  INPUT  NOT  NECESSARY  WHEN  OSWIND  =  1 

•.  IF  OPTIND  =  2,3;  A  F»  IS  INPUT  AS  TOTAL  DRAG 
I.  INPUT  NOT  NECESSARY  WHEN  AUXIND  =  1,3 
g.  IF  DRGIND  =  1,  ALL  LOCATIONS  MUST  BE  INPUT 


FORM  Milt  11/71) 
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INCREMENTAL  GROUP  WTS.  NOM  =  0 


FORM  83123  (8/79) 


BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 

A  DIVISION  OF  THE  BOEING  COMPANY  COMPUTER  PROGRAM  B-91 


SHEET  NO. 

CASE  NO. 

OF 

TAXI  INFORMATION 


ATMIND 


LOC 

VALUE 

ist 

0*01 

2nd 

0402 

3rd 

0403 

4*h 

0404 

5th 

0406 

6th 

0406 

7th 

0407 

8th 

0408 

gth 

0409 

10th 

0410 

SGTIND  =  1 


(NOTE  a) 


LOC 

VALUE 

(GMBH 

0422 

0423 

0424 

0426 

0426 

042? 

0428 

0429 

0430 

(PRIM  ENG) 


LOC 

VALUE 

mm 

.  "v 

0442 

044® 

0444 

9446 

ii  ’  Bif 

0440: 

0*47 

04*6 

i  :  [  'S 

944$ 

0460 

■■■ . 

0  --  STD  ATMOSPHERE 
1-STD*^ 

2  -  ARBITRARY  0  Ih) 


NOTE:  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE 
ITEMS  IN  THE  SHADED  BLOCKS. 


,nd 


,rd 


«th 


cth 


Dtti 


10 


th 


lT  (HR) 


LOC 

VALUE 

041 1 

_ 

0410 

Kpj  (NOTE  b) 


LOC 

VALUE 

0431 

0422 

0*33 

0*34 

MHMI 

043$ 

0*30 

0*37 

0440  5 

NOTE;  a.  INPUT  NOT  NECESSARY  WHEN  ATMIND  -  0,  2 
b.  INPUT  NOT  NECESSARY  WHEN  AIPIND  =  1. 


FORM  S312S  (8/  ?9) 
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WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE  ITEMS  IN  THE  SHADED  BLOCKS. 


I0S6  ITEMS  IN  THE  SHADED  BLOCKS 


■K-  ••  ••  ''-'■'P 


5: 

1 

8 

«nJ 

£ 

Qc 

>  o 

%  9 

u»  > 

§2 


§8 
a  -I 

LU  CO 


</>  111 
z  5 

o  < 

v  x 

CO  «/> 
C£  LU 

o  x 

CN  H 

II  Z 
O  i/> 
Z  5 

p  £ 

0-  u 

°  Ul 

2  £ 
LU  O 

x  X 
*  h- 


O 

z 


K 

O 

z 

oc 

_o 

Q 

</> 

a. 

Z 


u/ 

S> 

-i 

4 

> 

§  1 

i  1 

i  1  i 

ill 

[I 

1 

X 

* 

>- 

OC 

< 


o 

z 


D 

0. 


•  a-  0 
1  .  »• 


S<  . 

SS-i 

P  g  < 

“-gs 

X  jC 

<  —  o 

5  22 

II  H  II 

O  >-  N 


S  ?  *  € 

—  (N  r>  * 


£  -g  €  £  £  £ 
w  <o  f*  oo  o>  o 
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WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE 
ITEMS  IN  THE  SHADED  BLOCKS 


IU 

O  § 

fc"2  > 

3° 


UJ 

tl* 


si  sfisi  si»i  ti&i*r*iti 


~  o  1U 

x£  3 
<—  _) 

Cx 

=  3 

2  <  - 


O  ui 

iz  3 
UJ'-  _l 

t  < 

O  > 


il lilllif § 


O  ui 

Juj  -1 
> 

5 1 


§i§iiii§iii 


UJ 

D 

—  -J 

<L  •  > 

zi“ 

•5  z  — 


< 

_  > 
cc 

I 


5  > 
o  *e 

S 


siiiiiisitf! 

rifijifteL .  .  r  l.l..,.!..,.!  °- 

C?'S'g-6€€-g'6* 

-  *i  n  >  in  To  r-  to  a  o 


< 

A  tT  S 


«««" 
*  ii 

O  ^  e  11 

i  •  i  o 

ooo! 

2**0. 

5x*; 

(•3D. 

<<<2 

Z**x 

IU  IU  Mi  £ 

ml 

ml 

in8 

SSSo 

ouu; 

m  m  m  Z 

***,. 

in? 

555? 


NOTE:  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY 
THOSE  ITEMS  IN  THE  SHADED  BLOCKS. 


■**  1  « 

SI  s 


3  *  i  is  I 


8  5 

_J  o 

— |  m 


o  S  S  S 

-i  "»  5* 


«  S  •»  $  ?5 

St  ^  ^ 

«  «  «  « 

■*  'tr  t 


2 

<*  — 

S  £ 


3*1 


r-  X  UJ 

II  <  > 

ill 

H 

o  .r  a. 

^  z  w 

I  -r 


™  i— 

_i 

UJ  < 
O 

5 

2 

CK 

O 

u. 

ae 

ui 

Ql  ___  __ 

«J  u.  "o 
■<  0  Ul 

*  z*r 


ui 

e  3 
*  > 
> 

<j 


g  s  s  a 
S  s?  5  3 


c->  ■**  u*>  o 

<N  CS  (N  CN  fN 

<N  rS  CN  CN  Ci 

^  't  -n 


'  a 

S  9 

£  wo 

^  Z 

—  o 

u 


Omin  w  ci  «  «  «  «  ei 
Jtt  tttt  t  t  * 


8  I  o  § 


g 


£L 

o>  ° 

8  5 

^  i 

—  * 


V  S  s  2  8  s.  8  ".*  fe  ,* 

3  «  «  sj  SJ  «  s  9  5  5 


g  g  g  s  ss  s  ss  s  » 


8  §  s  sj  8  s 

J  tr  ««r  tr  <*•  .* 


is  si 


a 

Ui  v_ 
O  X  Z  K 
a  0-  K  < 

1I1S 

<  *Z  Q  * 
!-<*-« 


H  <  H  *  5 

2  jg  <g  jjf  2  J5  5  2  38  S  •»  mm  -J 

—  CN  U 


0  p  j*.  mm: 

o  &  SS  fc  & 

•<«*.«*  <*1  ’■* 


o  S 

<-  i 

§£  5 


8  I  i  H 

•*  *  <m  n 


’9  3  3  I  S  3  9 


S  "5  y  x  x  x 

*-  &  n  t  5>  5 


x  x  x  x 
$>  *  ^  $> 
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NOTES:  «.  INPUT  NOT  NECESSARY  WHEN  ATMIND  =  0,  2  e.  INPUT  AGW  WHEN  GWIND  =  1  d.  INPUT  NOT  NECESSARY  WHEN  AUXIND  =  1 
b.  INPUT  NOT  NECESSARY  WHEN  AUXIND  =  1.  2  INPUT  GW  WHEN  GWIND  =  2  •.  INPUT  NOT  NECESSARY  WHEN  AIPIND  =  1 
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sheet  no. 

CASE  NO. 

of 

ROTOR  TIP  SPEED  OR  MACH  NUMBER  SCHEDULE 

NOTE:  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY 
THOSE  ITEMS  IN  THE  SHADED  BLOCKS. 


LOC 

VALUE 

NO.  OF  PAIRS  IN  T  ABLE 

1258 

LOC 

VALUE 

LOC 

VALUE 

1259 

1269 

1260 

V 

1270 

:  A  - . 

1261 

A 

1271 

L 

« 

'  € 

1262 

U 

1272 

m3 

E 

$ 

1273 

S 

1264 

OF 

1274 

C  f 

12 

vm 

1275 

»  u 

1266 

R£F 

m 

1276 

1267 

s 

1277 

1268 

90«f 

1278 

NOTES:  1.  IF  Nxf/Nj^M^  <  10,  PROGRAM  USES  ACTUAL  VALUE  OF  Nzr/NnMAX 

2.  IF  10  <  Nu/Njjm**  <  20,  PROGRAM  ASSUMES  VT|P  SCHEDULE  IS  MIX  OF 
M«vt,p  ano  vtip- 

3.  IF  Nn/N=MAX  >  20,  PROGRAM  ASSUMES  VT)p  SCHEDULE  IS  IN  VT|p  ONLY. 


: 
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BOEING  VERTOL  COMPANY 

A  DIViaiON  or  THE  »OClN«  COMPANY 


HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 
COMPUTER  PROGRAM  B-91 


AUXILIARY  PROPULSION  SCHEDULE  (TAUX/T) 


WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE  ITEMS 
IN  THE  SHADED  BLOCKS 


LOC 

VALUE  M 

NO.  .OP  PAIR#  IN  T^nt/T  T  ABLE 

mi 

LOC 

VALUE 

LOC 

value 

i  m 

<002 

V 

A 

1673 

V 

A 

1003 

L  ' 

n 

1074 

L 

U 

E 

«  . 

1004 

€ 

c 

1075 

1005 

OF 

1076 

OF 

1606 

1077 

1 W 

P 

1070 

T. 

Al»X 

*7 

16*0 

1079 

1009 

1000 

WO 

1001 

1091 

60N*IWJ!U£  ft  LIMIT 


NOTES:  J.  IF  TAUX/T  <  1000,  INPUT  TAUX/T  IS  USED 

2.  IF  Taux/T  =  1000,  INPUT  SCHEDULE  IS  USED 

3.  IF  TA  /T  =  2000,  INPUT  SCHEDULE  IS  USED  UP  TO 
TRANSITION  INDICATED  BY  LOC  1692.  ABOVE 
THAT  fJi  THE  TAUX/T  CORRESPONDING  TO  MAX 
ROTOR  OR  CONFIGURATION  L/De  IS  USED.  USE 
THIS  OPTION  ONLY  WITH  ROTIND  >4,  AUXIND  >  2. 


rORM  MU*  (1/7$) 


BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 

»  DIVISION  Of  TNI  SOEINO  COMPANY  COMPUTER  PROGRAM  B-91 

ENGINE  CYCLE  DATA;  NON-STANDARD  PERFORMANCE 
PRIMARY  ENGINE  DATA 


ISHEET  NO.  [ C AIE  NO. 


VARIABLE  LOC 

WDTINP  1201 

NIIND  1202 

N19IND  1203 

N2INP  1204 

QINP  1205 


VALUE 


VARIABLE 

LOC 

#MAx/W* 

1220 

NiMAX/Nj* 

1221 

1222 

NOmAX/N^; 

1223 

Qmax/q* 

1224 

|0  =  NO  FUEL  FLOW  CUTOFF 
WDTIND:  |  ■)  -  FUEL  FLOw  CUTOFF 

1 0  =  NO  N  I  CUTOFF 
NIIND:  J  j  =  N)  CUTOFF 


(0  =  N 
N2IND:  <  1  =  N 
t2=N 

QIND: 


INPUT  IF  WDTIND 
INPUT  IF  NIIND 
INPUT  IF  NWIND 
INPUT  IF  N2IND 
INPUT  IF  QIND 


0  =  NO  N2  CUTOFF;  OPTIMUM  N2  VARIATION 

1  =  N2  CUTOFF;  OPTIMUM  N2  VARIATION 

2  =  N2  CUTOFF;  NON-OPTIMUM  N2  VARIATION 

0  =  NO  TORQUE  LIMIT  kJ16TNr).  10  =  NO  REFERRED  Nt  CUTOFF 

1  =  TORQUE  LIMIT  IMPOSED  N  l«IND.  {  f  =  REFERREQ  N1  CUTOFF 

ON  MAIN  AND  TAIL  ROTOR 
XMSN 

2  =  TORQUE  LIMIT  IMPOSED  ON 

AUX  PROPULSION  XMSN 


NOTE:  QIND  =  2  IS  USED  ONLY  WITH  ''ral'ULi>,UN  *"5N 

AUXIND  >  2.0,  7/piND  =  0  AND  AIPIND  =  1 

WHEN  OPTIND  =  2  OR  3,  CONSIDER  ONLY  THOSE  ITEMS  IN  THE  SHADED  BLOCKS 


VARIABLE  LOC 

RNOINP  1206 


0-  NO  REYNOLDS  NO.  CORRECTIONS 
1=  REYNOLDS  NO.  CORRECTIONS 


REYNOLDS  NO. CORRECTION  FACTOR 


OUTPUT  SHAFT  SPEED  CORRECTION 


VALUES  OF 


Nj  _D_ 
Nr  v. 


VALUES  OF  Kpr 


VALUES  OF 


VALUES  OF  Kpn 


INPUT  THIS  TABLE  IF  RNOIND  =  1 


INPUT  THIS  TABLE  IF  N2IND  «  2  AND 

NON-STANDARD  CORRECTION  IS  DESIRED 


FORM  mil  (t/7»> 
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BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 

A  DIVISION  OF  THE  BOEING  COMPANY  COMPUTER  PROGRAM  B-91 


ISH6ET  NO.  ICASE  NO. 


ENGINE  CYCLE  DATA;  NON-STANDARD  PERFORMANCE 


AUXILIARY  INDEPENDENT  ENGINE  DATA 


VARIABLE  LOC 

WOTINOl  2301 

N1INDI  2302 

N10INOI  2203 


N2INDI 


VALUE 


VARIABLE 

WMAXW* 
NtMAX/N1  " 


VALUE 


<Nt/yTt/N1*IMAX  2222 

N»  MAX**!!  *  08 


INPUT  IF  WDTINDI  =  1 


INPUT  IF  N1INDI  -  1 


INPUT  IF  N10INDI  =  1 


INPUT  IF  N2INDI  «  1,2 


INPUT  IF  QINDI  ■=  1 


WDTINDI:  j  °  = 
N1INDI: 


0  «  NO  FUEL  FLOW  CUTOFF 
1  *  FUEL  FLOW  CUTOFF 


0  =  NO  N1  CUTOFF 
1  = Nl  CUTOFF 


(0  =  NO  N2  CUTOFF;  OPTIMUM  N2  VARIATION 
N2INDI  :|1  »  N2  CUTOFF;  OPTIMUM  N2  VARIATION 

{ 2  -  N2  CUTOFF;  NON-OPTIMUM  N2  VARIATION 


10=  NO  TORQUE  CUTC 
ll  «  TORQUE  CUTOFF 


CUTOFF  N10INDI  i°  *  NO  REFERRED  Nl  CUTOFF 
rOFF  M  =  REFERRED  Nl  CUTOFF 


VARIABLE  i  LOC  VALUE 


RNOINOI 


0  »  NO  REYNOLDS  NO.  CORRECTIONS 
1  «  REYNOLDS  NO.  CORRECTIONS 


REYNOLDS  NO.  CORRECTION  FACTOR 


OUTPUT  SHAFT  SPEED  CORRECTION 


VALUES  OF  _i  .0. 


VALUES  OF  K- 


VALUES  OF 


VALUES  OF  K_ 


INPUT  THIS  TABLE  IF  RNOINDI  *  1 


INPUT  THIS  TABLE  IF  N2INDI  •  2  AND 
NON-STANDARD  CORRECTION  IS  DESIRED 


NOTE:  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE  ITEMS  IN  THE  SHADED  SLOCKS. 


FORM  S31I8  iA/tbi 


VARIABLE  I  LOC  I  VALUE  VARIABLE  I  LOC  VALUE  I  VARIABLE  LOC  VALUE 


NOTE  a,  kj  IN  LBS;  IF  ENGIND  =  0,  ^  IS  IN  LB/HP;  IF  ENGIND  =  1,2,  IS  IN  LB/LB  THRUST 

6.  IF  ENGIND  =  0,  is  in  FT/SHP  I;  IF  ENGIND  =  1,2,  is  in  ft/LB  thrust  \ 


BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 

A  ~  COMPUTER  PROGRAM  B-91 

PRIMARY  ENGINE  CYCLE  INFORMATION  (SliMt  2) 


USES  1  00%  ROTOR 


BOEING  VERTOL  COMPANY 

A  DIVISION  OF  THE  BOEING  COMPANY 


HE8C0MP  HELICOPTER  SIZING  AND  PERFORMANCE 
COMPUTER  PROGRAM  Ml 


SHEET  NO.  1  (CASE  NO 


ROTOR  MAP  NO. 


ROTOR  PERFORMANCE  MAP 

(ROTIND  =  2.3) 


LOC  VALUE 


LOC  VALUE 


HOVER  PERFORMANCE 


|  rm 


NO-  OF  CT/0‘S 


LOC  VALUE 


NO.  OF  M^p 


VALUES  OF  C  JO 


VALUES  OF  M 


LOC  VALUE 


LOC 


(CT/0>7 


<Ct/0)8 


(C  TIO)g 


1  CT/0>H 


CT/0  =  AT/P  IT  D  Vt‘NrO 


Cp  IO  -  2200  RHP  Ip  7T  D2Vt3N„0 
rH  T  R 


(cT/oi, 


KJM1 


(Ct/oi8 


«y°»» 


INPUT  VALUES  OF  CB  la  FOR  COMBINATIONS 
H 


OFC-ZdANDM^p 


NOTES!  a.  CT  »  Cp  ARE  IN  "ROTOR”  NOTATION 

b.  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE  ITEMS  IN  THE  SHADED  BLOCKS 
e.  ALL  TABLES  MUST  BE  COMPLETELY  FILLED. 


FORM  53133  (8/7#) 
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P  Ui  In*  _l 
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ilnSS! 


li|il81*lWI*l* 


■iiilillll 
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wy/rtto 


BOEING  VERTOL  COMPANY 

»  DIVISION  or  THt  SOCINS  COM r ANY 


HESCOMP  HELICOPTER  SIZING  AND  PERPORMANCE 
COMPUTER  PROGRAM  B-91 


SHUT  NO. 

1  Of  S 


rtOTE.-  WHEN  OPTINO  x  2  OR  3,  CONSIDER 
ONLY  THOSE  ITEMS  IN  THE 
SHADED  BLOCKS 


ROTOR  MAP  NO. 


ROTOR  PERPORMANCE  MAP 
(ROTIND  x  4,5,6) 


LOC 

VALUE 

3420 

HOVER  PERFORMANCE 


(CT/cr)  , 


lcr/cr)2 


<ct/ct)3 


(Ct/CT)4 


<CT/cr)5 


(cT/oi6 


(CT/Cr)7 

(CT/cr)a 

(C  j/0")9 
(CT/cr) 


VALUES  OF  Ct/ct 


LOC  VALUE 


3425 


.342# 


3427 


3431 


3439 


3430 


_ 

LOC 

OHH 

3436 

|RWH|i 

fttfSBi 

3437 

:,*T.  ■ 

3438 

**Ta _ 

3439 

3440 

1T| 

3441 

VALUES  OF  MT)p 


VALUE 


Ct/CT  »  »T//)irD2Vx2NR(r 


INPUT  VALUES  OF  F.M.  FOR  COMBINATIONS 
OF  CT/CT  AND  MT|p 


mTIPi  = 


MTIP2  = 


<cT/c n, 

s 

(cT/cn2 

= 

(CT/<7  >3 

= 

(Ct/CMa 

s 

(Ct/CT  Is 

s 

(CT /cr>« 

» 

(Cy/cr)y 

(Cf/cr  Is 

* 

(Cj/<T  >9 

* 

LOC  VALUE  I  LOC  VALUE 


3442 


3443 


3444 


3445 


3446 


MtIPS  = 


LOC  VALUE 


MTIP4  a 


LOC  VALUE 


MTIP5  = 


LOC  VALUE 


MTIP6  = 


LOC  VALUE 


NOTES!  a)  Ct  l»IN  ••ROTOR”  NOTATION 

b)  ALL  TABLES  MUST  BE  COMPLETELY  PILLEO 


DO  AM  81480  18/781 
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BOEING  VERTOL  COMPANY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE  Isheet  no.  case  no. 

A  oi.i.io-  of  THE  ootmo  comm.  COMPUTER  PROGRAM  B-91 

2  of  5 


NOTES!  a)  AT  LEAST  3  VALUES  OF  X/L,  Cy’/a,  AND  /J. 
MUST  BE  INPUT 

b)  WHEN  OPTINO  =  2  OR  3,  CONSIDER  ONLY  THOSE 
ITEMS  IN  THE  SHADED  BLOCKS 
e)  ALL  TABLES  MUST  BE  COMPLETELY  FILLED. 


^  »  5  a 
3  s  s 


RSSSSftftft  °  * 


a  a  s  fc 

ft  ft  $  ft 


s  r  a 

ft  ft  ft 


o=S 
3  8  ft 


RR  <0  I'O  rv  co  I  ©» 


ssssssss 


^  w  « 
?!  S  S 


2  2  2  fc 
ft  ft  ft  ft 


a  *  8 

ft  ft  ft 


U  s  g 
5  I  S 


ft  ft  ft  ft 


r  «  « 


I  111  111 


5  2 


(0  QC 

o  W 

O  O 

£  * 

o  > 

U.  o 

lu  < 

9  <*: 


o  z  2 

Oo*  o 
J  «  « 


-J  CO  CO 


•O  K  00 

O  Os  O 

N  K  N 

M  PI  O 


I  'O  rv  oo 

oo  oo  oo 

w  ft  ft 


>o  rv  oo 

hs  rv 

n. 

co  co  co 


^wn 
o  o  » 

s  s  s 


OS  I  Os  Os  ©s 

8  ft  8  8 


»“  M  « 

N  N  N 

s  s  8 


ii  1 1 


N  K  N  N 

ft  ft  ft  ft 


ft  &  ft 
ft  ft  1 


ft  ft 
ft  ft 


1  «o  Q"  o 

»  ft  i 


X  >o  'O 
_J  ro  co 


»-  w  « 

111 


3IO  O  N 

SO  'O  "O  I  'O  I  O  I  N 

8  8  ft  ft  ft  8  -ft 


(L  -I 

s  n 

> 


X  »o  m 

O  N  N 

J  CO  CO 


W1  'O  fv 

m  uo  io 

N  N  N 

CO  CO  CO 


«—  M  CO 

ft  ft  1 


co  r 
«n  o 

s  ft  ft 

fi 

s  s  s 

ft  ? 

*  «  ft 

8 

8  8  8 

v  < 

li  *■ 
li  3 
8:  15 
JS  85 
S  2" 
g?  s! 

B>  N 

°  ^  O 

55!  8* 

5;  H 

UlS  g 

g:  * 


C  3 

I  * 

i  2 

O  M 

u-  5 

*  H 

HI  , 

&  -J 


2  5  5 


u  *”  cm 
i:  n  « 
9ns 


—  CM 

”  s  s 

J  >  > 

5  t-  s- 
5  o  u 


ft  ft  ft 

S?  ft  ft 


ft  ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft  ft 


B  S  S  B  B  S 

V  V  V  V  s  \ 

•  •  •  •  *  » 

►“KKhKH 

O  ouuuu 


m  * 


ft  ft  ft 

ft  ft  ft! 


ft  ft  ft 
ft  ft  ft 


H  ii 


i  S  I 


-7SSB6SSSSBB 

J  s  V  \  V  S  V  \  N  S  s. 

”  •  •  *  •  •  •  »  *  *  » 

COUOOOOOOOO 
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rom  lieu  i»/7») 


1 

K 

*  2 

1  < 

o  * 

-  8 

2  ! 

Ul  Q 

u  ° 

o  O 

t-  O' 

o 

K 


99999999 


liiiilii 


—  C*  o 

ft  £  % 


*•  N  *•> 

00  «0  00 

ft  ft  <*> 


»-  <N  « 

Is.  Is  Is. 

ft  ft  ft 


I  cn  I  tn 
•o  lo  |o 


CL*  Mi 

XS 

8:  Is 


»-  W  n 

**  «n 

ft  ft  8 


~  n  n 

ft  ft  s 


n  rt  n 

ft  ft  ft 


I  U>  <0  !>» 

»  »  « 

;  ?!  ft  ft 
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to  a  «o  to  S 

ft  ft  ft  ft  ft 


J  R  s  R  g 
ft  ft  ft  ft  ft 
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ft  ft  ft  ft  ft 
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ft  ft  ft  ft  ft 


n  p  s 
ft  ft  ft  ft  ft 


S  g  ft  ^  ft 


m  «  n  «  »  o 

00  00  00  00  00  00  o 

9  9  9  9  9  9  9 


?  sits  si 


>s  *  £ 

S!  Is 

Cl  g 

ft 


3fc  » 

i  j  j 

1"  S 
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h  !•  h 
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»  i)  u  n  « 
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S  b  b  E  S 

V  V  V  V  V 
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w.  S 
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u  (  u 
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IIHCIT  NO.  I  CASE  NO. 


i  INCREMENTAL  ROTOR  PERFORMANCE  INPUT 

(USE  WHEN  ROTIND  =  4,5,6) 


HOVER  PERFORMANCE 


INCREMENTAL 
ROTOR  FIGURE 
OF  MERIT  INPUT 


Afja. 


INCREMENTAL 
ROTOR  L/De 


CRUISE  PERFORMANCE 


VALUE 


t»,  or  pam»  t#  tt-  A  t/(L  wour  I  1279 


LOC 

VALUE 

|  LOC 

mo 

1298 

1281 

V 

1291 

- — -  A 

1* - 

1282 

L 

1292 

m3 

u 

t-v 

|  1293 

1284 

:  I 

1294 

1285 

.  OF 

1295 

1288 

Aiyof 

|  1298 

1287 

I  1297 

1288 

1298 

138*  .  | 

1299 

VALUE 


NOTE:  WHEN  OPTIND  =  2  OR  3  CONSIDER  ONLY  THOSE 
ITEMS  IN  THE  SHADED  BLOCKS 


rO*M  St  1 44  <•/?•) 
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JfSKSL  i PJtn,MY  HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 

COMPUTER  PROGRAM  B-91 


PROPELLER  PERFORMANCE  DATA  (Shot  1  of  3) 

THIS  SHEET  IS  REQUIRED  WHEN  TfcIND  =  1 

NOTES:  AT  LEAST  3  VALUES  OF  J  AND  3  VALUES  OF  CT  MUST  BE  USED 

WHEN  OPTIND  =  3,3,  CONSIDER  ONLY  THOSE  ITEMS  IN  THE  SHADED  BLOCKS 
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NOTES:  1.  IF  MORE  THAN  »  VALUES  OF  CT  ARE  REQUIRED,  USE  SHEET  3  FOR  CONTINUATION  OF  TABLE 
2.  WHEN  OPTIND  =  2,3,  CONSIDER  ONLY  THOSE  ITEMS  IN  SHADED  BLOCKS 
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NOTEi  WHEN  OPTINO  =  2,3,  CONSIDER  ONLY  THOSE  ITEMS  IN  SHADED  BLOCKS 
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6.0  PROGRAM  OUTPUT 


A  reproduction  of  the  program  output  for  three  sample  cases  is 
included  in  Section  7.0.  The  following  discussion  describes 
the  program  printout  in  general  and  lists  the  diagnostic  error 
printouts  which  are  possible. 


6.1  DESCRIPTION  OF  PRINTOUT 

The  printout  for  HESCOMP  consists  of  four  types  of 
information : 

a .  General 

b .  Input  Data 

c.  Sizing  Data  (program  output) 

d.  Mission  Performance  Data  (for  the  "sized"  helicopter) 

The  general  information  (item  a)  is  printed  out  at  the  begin¬ 
ning  of  each  new  case.  Each  of  the  other  groupings  (input, 
sizing  data*,  and  performance  data)  starts  on  a  new  page.  For 
cases  with  OPTIND  *  2  or  3  (performance  only) ,  the  sizing  data 
is  not  printed  out.  The  printout  is  described  in  detail 
below. 

6.1.1  General  Printout 


6 . 1 . 1 . 1  Fixed  Heading; 


HESCOMP 

HELICOPTER  SIZING  AND  PERFORMANCE  COMPUTER  PROGRAM 

Depending  on  the  configuration  options  (CNFIND,  AUXIND , 
AIPIND,  ENGIND)  chosen,  one  of  the  following  statements  will 
be  printed  out. 

SINGLE  ROTOR  PURE  HELICOPTER 

SINGLE  ROTOR  WINGED  HELICOPTER 

SINGLE  ROTOR  COMPOUND  HELICOPTER 

SINGLE  ROTOR  COMPOUND  HELICOPTER  AUXILIARY  INDEPENDENT 
T/SHAFT  CRUISE  PROPULSION 

SINGLE  ROTOR  COMPOUND  HELICOPTER  AUXILIARY  INDEPENDENT  T/FAN 
OR  T/JET  CRUISE  PROPULSION 

SINGLE  ROTOR  AUXILIARY  PROPULSION  HELICOPTER 
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SINGLE  ROTOR  AUXILIARY  PROPULSION  HELICOPTER  AUXILIARY 
INDEPENDENT  T/SHAFT  CRUISE  PROPULSION 

SINGLE  ROTOR  AUXILIARY  PROPULSION  HELICOPTER  AUXILIARY 
INDEPENDENT  T/FAN  OR  T/JET  CRUISE  PROPULSION 

The  printout  for  the  tandem  rotor  configurations  will  be 
identical  except  for  the  substitution  of  TANDEM  ROTOR  for 
SINGLE  ROTOR 


6. 1.1. 2  Arbitrary  Heading 

An  arbitary  heading  may  be  input  by  the  user  on  a  title  card 
(see  Section  5.2,  input  sheet  for  general  information). 

6.1.2  Input  Data 

All  program  input  data  is  printed  out  as  it  appears  on  the 
data  cards.  Seven  columns  are  printed.  These  correspond  to 
the  first  location  on  the  card,  the  number  of  variables  on  the 
card  (from  1  to  5),  and  the  values  of  these  variables.  With 
this  information  and  a  copy  of  the  input  sheets  it  is  possible 
to  determine  the  input  value  for  any  variable. 

6.1.3  Sizing  Data 

This  group  is  printed  out  only  if  OPTIND  *  1.  The  data  is 
represented  by  a  symbol,  followed  by  a  written  description, 
followed  by  the  value  with  the  units.  For  example: 

WG/A  DISC  LOADING  10.0  LB/SQFT 


The  data  is  printed  out  in  groups,  each  group  having  a 
heading.  The  specific  variables  which  are  printed  out  will 
depend  upon  certain  options  chosen.  Notations  are  made  in  the 
following  list  to  show  where  this  occurs. 

6. 1.3.1  Dimensional  Data 


Single  Rotor  Helicopter 
Fuselage : 


lF’  lC '  *B'  4TB'  *M'  WF'  SF 


Wing: 


If  AUXIND  *  2  or  4  print  AR^  ^c/4*  ^ ^ 

W  grw'  Vc 

If  AUXIND  -  1  or  3  print  NO  WING  USED 


(t/c)T, 
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Horizontal  Tail: 

If  HTIND  »  1  or  2  print  AR^,  SHT,  b^,  C^,  XHT,  L^ 

If  HTIND  -  0  print  NO  HORIZONTAL  TAIL  USED 

Vertical  Tail: 

A^vr'  ®yt '  ^VTf  ^VT '  ^VT ’  ^TR'  ^VT '  vt 

Main  Rotor  Pylon: 

AR,  SFp,  FApp /  HPl ,  Cpp#  Xpp,  (T/C)R,  (T/C)t 

Primary  Engine  Nacelle: 

4N'  °N'  SN 

Auxiliary  Independent  Engine  Nacelle: 

If  AIPIND  -  2  print  Ljjjr  DRI,  SNI 

Auxiliary  Independent  Engine  Nacelle  Strut: 

If  AIPIND  -  2  print  SgTR,  bNg, 

Auxiliary  Independent  Propulsion: 

If  AIPIND  -  2  and  ENGIND  »  1,  print  AUXILIARY  INDEPENDENT 
PROPULSION  -  TURBOPAN  (OR  TURBOJET)  ENGINE 

If  AIPIND  *  1  print  NO  AUXILIARY  INDEPENDENT  ENGINE  USED 

Propeller  (Auxiliary  Propulsion) : 

If  AUXIND  »  3  or  4  and  ENGIND  -  0  print  D.e,  AF,  a.,,  N_. , 
NO.  BLADES,  VTJp 

If  AUXIND  -  1  or  2  print  NO  PROPELLER  USED 
Main  Rotor: 

«W  °MR'  VA'  V0'  NR'  n0  p  MES'  »mr'  *c-  vtip 

Tail  Rotor: 

DTR'  °TR'  (T/W8BT'  Vs'  1,0  BLAD£S’  «TR-  *CTR<  ®'  VTIP 
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Tandem  Rotor  Helicopter 
Fuselage : 

ip,  lQ,  AX1#  AX2,  wp,  G/S,  (O/L/D),  Sp 
Wing: 

Same  printout  as  single  rotor  helicopter 
Forward  Rotor  Pylon: 

AR t  Spp /  FApp f  Hp^,  Cpp ,  Xpp ,  (T/C)R,  (T/C) 
Aft  Rotor  Pylon: 

AR,  S^,,  Hp2,  C^,  (T/C)  R,  (T/C)  T 

Primary  Engine  Nacelle: 

°N'  SN 

Auxiliary  Independent  Engine  Nacelle: 

Same  printout  as  single  rotor  helicopter 

Auxiliary  Independent  Engine  Nacelle  Strut: 
Same  printout  as  single  rotor  helicopter 

Auxiliary  Independent  Propulsion: 

Same  printout  as  single  rotor  helicopter 

Propeller  (Auxiliary  Propulsion) : 

Same  printout  as  single  rotor  helicopter 

Main  Rotor: 

Same  printout  as  single  rotor  helicopter 

6. 1.3. 2  Weights  Data 

Single  and  Tandem  Rotor  Helicopters 

First  print  Mjj,  G^,  U^,  then  print. 
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Propulsion  Group: 

WPRG'  K12WPRB/  K13WPH'  WBF'  K15WAR'  WDS'  K16WPDS' 

K20WTRDS'  K17WADS'  K18WEP'  K19WEA'  WPEI'  WAEI'  WFS'  AWP' 
Wp  . 

Structures  Group: 

K8WW'  WTG'  ^9^HT/  K14WTR'  K6WB'  K7WLG'  WNG'  WMG'  WTES' 
WPES'  WAES'  AWST'  WST 
Flight  Controls  Group: 

WPFC'  WCC'  K1WRC'  K2  SC'  K3WFW'  WTM'  WSAS'  WAFC'  K4WRCA' 
K5WSCA'  WMC'  AWFC'  WFC 
Weight  of  Fixed  Equipment: 


Weight  Empty 


Fixed  Useful  Load 


Operating  Weight  Empty 


Payload 


Fuel 


<Va 


Gross  Weight 
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6 . 1 . 3 . 3  Rotor  Data 


Single  Rotor  Helicopter 

ROTOR  CYCLE  NO.  _ 

(printed  if  ROTIND  »  1) 


ROTOR  MAP  NO.  _ 

(printed  if  ROTIND  »  2) 


FIXED  MAIN  ROTOR  SOLIDITY  INPUT 
(printed  if  RDMIND  *  1  or  2) 

If  RDMIND  *  3  or  4,  and  depending  on  which  solidity  sizing 
requirement  is  most  critical,  one  of  the  following  statements 
will  be  printed  out: 

MAIN  ROTOR  SOLIDITY  SIZED  BY  MANEUVER  CONDITIONS 
H  ■  FT.,  TEMP.  *  DEG.,  V  =  KT. 

ROTOR  MANEUVER  G'S  «  _ ,  Gp /a  *  _ 

MAIN  ROTOR  SOLIDITY  SIZED  BY  HOVER  CONDITIONS 

H  »  _  FT.,  TEMP.  -  _  DEG.,  T/W  *  _ 

Gp/a  *  _ 

MAIN  ROTOR  SOLIDITY  SIZED  BY  CRUISE  CONDITIONS 
H  *  FT.,  TEMP.  «  DEG.,  V  «  KT. 

ROTOR  LIFT/GW  FRACTION  -  _  CT/a  -  _ _ 

Which  is  followed  by: 

FIXED  TAIL  ROTOR  SOLIDITY 
(printed  if  TRSIND  -  1) 


TAIL  ROTOR  SIZED  AT  _  TIMES  THE  SOLIDITY  REQUIRED  TO 

SATISFY  HOVER  ANTI-TORQUE  REQUIREMENTS  AT 

H  -  .  FT.,  TEMP.  -  _  DEG.F .  ,  C^/Gp™  -  _ 

(printed  if  TRSIND  »  2  and  V  *  0,  ip  *  0)  ** 


TAIL  ROTOR  SIZED  AT 


TIMES  THE  SOLIDITY  REQUIRED  TO 


SATISFY  HOVERING  TURN  REQUIREMENTS  AT 


H 

m 

FT. 

TEMP 

m  ~ 

F. 

c*g/Ctnbt 

—  - 

_  DEG. 

YAW  RATE 

* 

RAD/SEC 

YAW  ACCELERATION 
TAIL  ROTOR  POLAR 

m 

_  RAD/SEC2 

MOM.  OF  INERTIA 
HELICOPTER  YAW 

m 

_  SLUG/FT 2 

MOM.  OF-IHEKCJIl _ 

ISIND  »  2  and  ip  or 

$  t  o.) 

_  SLUG/FT2 
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Tandem  Rotor  Helicopter 


Main  rotor  data  printout  same  as  for  single  rotor  helicopter. 

6.1. 3. 4  Propulsion  Data 

Single  Rotor  Helicopter 

PRIMARY  PROPULSION  CYCLE  NO. 

TURBOSHAFT  ENGINE 

_  ENGINES 

BHP*P  MAX.  STANDARD  S.L.  STATIC  H.P.  *  _ H.P. 

ENGINE  SIZE  WAS  FIXED  BY  INPUT 
(printed  if  FIXIND  *  0) 

IF  ESCIND  -  1  print; 

ENGINE  SIZED  FOR-  TAKEOFF  AT  T/W  * 

H  ■  _  FT.,  TEMP.  «  _  DEG.F. 

AND  _  ENGINES  INOPERATIVE 

If  ESCIND  *  2  either  of  the  following  statements  are  printed 
depending  on  which  engine  sizing  requirement  (hover  or  cruise) 
is  critical. 

ENGINE  SIZED  FOR  TAKEOFF  AT  T/W  » 

H  ■  FT.,  TEMP.  -  DEG.#. 

AND  _  ENGINES  INOPERATIVE 

ENGINE  SIZED  FOR  CRUISE  AT  Vr  *  KNOTS 

H  «  FT.,  TEMP.  -  DEG.#. 

AND  _  ENGINES  INOPERATIVE 

Which  is  followed  by: 

NO  AUX.  INDEPENDENT.  ENGINE  CYCLE  SELECTED 
(printed  if  AUXIND  -  3  or  4  and  AIPIND  -  1) 

AUX.  INDEPENDENT  PROPULSION  CYCLE  NO. 

(printed  if  AUXIND  *  3  or  4  and  AIPINt)  -  2) 

IF  ENGIND  »  0.0 ,  TURBOSHAFT  ENGINE  is  printed 

IF  ENGIND  -  1.0,  either  TURBOFAN  or  TURBOJET  ENGINE  is  printed 

_  ENGINES 

BHP*P  MAX.  STANDARD  S.L.  STATIC  H.P.  H.P. 

(printed  if  ENGIND  -  0.0) 
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T*P  MAX.  STANDARD  S.L.  STATIC  THRUST  _  LBS. 

(printed  if  ENGIND  *  1.0) 

ENGINE  SIZE  WAS  FIXED  BY  INPUT 
(printed  if  FIXINDI  =0.0) 

ENGINE  SIZED  FOR  CRUISE  AT  VC  _  KNOTS 

H  =  FT.,  TEMP.  =  DEG.F. 

(printed  if  FIXINDI  =  1751 

MAIN  DRIVE  SYSTEM  RATING  _ H.P. 

MAIN  ROTOR  DRIVE  SYSTEM  RATING  _ H.P. 

Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) , 
and  the  results  of  the  sizing,  one  of  the  following  four 
statements  will  be  printed: 

XMSN  SIZED  AT  PERCENT  OF  TOTAL  PRIMARY 

ENGINE  INSTALLED  POWER 

MAX.  STANDARD  S.L.  STATIC  H.P. 

(printed  if  XMSNIND  =  1.0) 

XMSN  SIZED  AT  _  PERCENT  OF  MAIN  ROTOR  HOVER 

POWER  REQUIRED  AT 

H  =  FT.,  TEMP.  =  DEG.F. 

(printed if  XMSNIND  =  2  or  if  XMSNIND  =  3  and  the 
alternate  payload  hover  is  not  critical) 

XMSN  SIZED  AT  _______  PERCENT  OF  MAIN  ROTOR  HOVER 

POWER  REQUIRED  AT  ALTERNATE 

PAYLOAD  =  LBS.,  ALTERNATE  GROSS  WEIGHT  =  LBS. 

H  =  _  FT.,  TEMP.  =  _____  DEG.F. 

(printed  if  XMSNIND  =  3  and  the  alternate  payload  hover 
is  critical) 

XMSN  SIZED  AT  _  PERCENT  OF  MAIN  ROTOR  CRUISE 

POWER  REQUIRED  AT  Vr  »  KT . , 

H  =  FT.,  TEMP.  =  DEG.F. 

(printed  if  XMSNIND  ■  2  or  if  XMSNIND  =  3  and  the 
alternate  payload  hover  is  not  critical) 

Which  is  followed  by: 

TAIL  ROTOR  DRIVE  SYSTEM  RATING  _ H.P. 

(printed  if  CNFIND  =1) 

Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) 
and  the  results  of  the  sizing,  one  of  the  following  four 
statements  will  be  printed: 
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XMSN  SIZED  AT  _  PERCENT  OP  TOTAL  PRIMARY  ENGINE 

INSTALLED  POWER 

MAX..  STANDARD  S.L.  STATIC  H.P. 

(pric  ed  if  XMSNIND  =  1.0) 

XMSN  SIZED  AT  _  PERCENT  OP  TAIL  ROTOR  HOVER 

POWER  REQUIRED 

AT  H  »  FT.,  TEMP.  «  DEG.F. 

(printed  IT  XMSNIND  «  2  or  if  XMSNIND  *  3  and  the 
alternate  payload  hover  is  not  critical) 

XMSN  SIZED  AT  _  PERCENT  OF  TAIL  ROTOR  HOVER 

POWER  REQUIRED  AT  ALTERNATE 

PAYLOAD  *  LBS . ,  ALTERNATE  GROSS  WEIGHT  =  LBS . 

H  »  _  FT.,  TEMP.  -  DEG.F. 

(printed  if  XMSNIND  *  3  and  the  alternate  payload 
hover  is  critical) 

XMSN  SIZED  AT  _  PERCENT  OF  TAIL  ROTOR  CRUISE 

POWER  REQUIRED  AT  Vr  «  KT. 

H  =  FT.,  TEMP.  «  DEG.F. 

(printed  if  XMSNIND  -  2  or  if  XMSNIND  =  3  and  the 
alternate  payload  hover  is  not  critical) 

Which  is  followed  by: 

AUXILIARY  PROPULSION  DRIVE  SYSTEM  RATING  H.P. 

(printed  if  AUXIND  *  3  or  4  and  AIPIND  ^"Ti 

Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) 
and  the  results  of  the  sizing  one  of  the  following  three 
statements  will  be  printed: 

XMSN  SIZED  AT  _  PERCENT  OF  TOTAL  CONFIGURATION 

POWER  REQUIRED  TO  HOVER 

AT  H  -  FT.,  TEMP.  »  DEG.F. 

(printed  if!  ESCIND  -1.0  and  XM&NIND  »  2  or  3) 

XMSN  SIZED  AT  PERCENT  OF  TOTAL  PRIMARY  ENGINE 

INSTALLED  POWER 

MAX.  STANDARD  S.L.  STATIC  H.P. 

(printed  if  XMSNIND  -1.0) 

XMSN  SIZED  AT  PERCENT  OF  AUX.  PROPULSION 

CRUISE  POWER  REQUIRED  AT  Vr  -  KT. 

Hr  -  FT.,  TEMP.,  -  DEG.F. 

(printed  if  ESCIND  -  2.0  and  XMSNIND  -  2  or  3) 

AUXILIARY  INDEPENDENT  PROPULSION  DRIVE  SYSTEM  RATING 
(printed  if  AUXIND  -  3  or  4,  AIPIND  -  2  ENGIND  -  0) 
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Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) 
and  the  results  of  the  sizing  one  of  the  following  four 
statements  will  be  printed: 

XMSN  SIZED  AT  PERCENT  OF  TOTAL  AUXILIARY 

INDEPENDENT  ENGINE  INSTALLED  POWER 
MAX.  STANDARD  S.L.  STATIC  H.P. 

(printed  if  AIPIND  -  2,  ENGIND  -  0,  and  XMSNIND  =  1.0) 

XMSN  SIZED  AT  PERCENT  OF  MAX.  AUXILIARY 

INDEPENDENT  ENGINE  POWER  AVAILABLE 

AT  H  *  FT.,  TEMP.  -  DEG.F. 

(printed  i£  AIPIND  «  2,  ENCilND  *  0,  ESCIND  *  1  and 
XMSNIND  *  2  or  3) 

XMSN  SIZED  AT  _  PERCENT  OF  MAX.  AUXILIARY 

INDEPENDENT  ENGINE  POWER  AVAILABLE  IN  CRUISE 
AT  Vr  *  KT.,  Hr  =  FT.,  TEMP.  ■  DEG.F. 

(printed  if  AIPIND  *  2,  ENGIND  -  0,  XMSNIND  -  2  or  3 
and  FIXIND  =0.0) 

XMSN  SIZED  AT  _  PERCENT  OF  AUXILIARY  PROPULSION 

CRUISE  POWER  REQUIRED  AT  Vr  -  KT. 

Hc  =  _  FT.,  TEMP.  =  _  DEG.F. 

(printed  if  AIPIND  =  2,  ENGIND  =  0,  XMSNIND  «  2  or  3 
and  FIXIND  =1.0) 

6. 1.3. 5  Aerodynamics  Data 

Single  and  Tandem  Rotor  Helicopter 

TOTAL  EFFECTIVE  FLAT  PLATE  AREA 

TOTAL  WETTED  AREA 

MEAN  SKIN  FRICTION  COEFF . 

DRAG  BREAKDOWN 

WING  FE 
FUSELAGE  FE 

FORWARD  (MAIN)  ROTOR  PYLON  FE 

AFT  ROTOR  PYLON  FE 

MAIN  ROTOR  HUB(s)  FE 

TAIL  ROTOR  HUB  FE 

VERTICAL  TAIL  FE 

HORIZONTAL  TAIL  FE 

PRIMARY  ENGINE  NACELLE  FE 

AUXILIARY  INDEPENDENT  CRUISE  ENGINE  NACELLE  FE 
AUXILIARY  INDEPENDENT  CRUISE  ENGINE  NACELLE  STRUT  FE 
INCREMENTAL  FE 
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AERODYNAMIC  COEFFICIENTS 

A5 

A6 

A7 

A8 

A? _ „ _  __  _ _ 

WING  LIFT  EFFICIENCY  FACTOR 
VERTICAL  TAIL  LIFT  EFFICIENCY 

6.1.4  Mission  Performance  Data 

Two  types  of  output  are  possible.  If  the  OPTIONAL  PRINT 
INDICATOR  •  0/  a  standard  printout  will  occur.  If  the  indi¬ 
cator  is  input  as  1,  a  detailed  printout  will  occur.  This 
will  include  all  data  printed  in  the  standard  printout  plus 
additional  information. 

6. 1.4.1  Standard  Printout 

The  mission  performance  data  is  printed  out  by  segment  in 
chronological  sequence.  Up  to  15  columns  of  data  are  printed 
out  depending  upon  the  segment.  For  all  segments,  the  follow 
ing  information  is  printed: 

t:  time  in  hours 

R:  range  in  nautical  miles 

W^:  weight  of  fuel  used  in  pounds 

W:  aircraft  weight  in  pounds 

h:  altitude  in  feet 

f 

TAS:  the  true  airspeed  in  knots 

Primary  Turb.  Temp:  the  primary  engine  turbine  temperature 

PRIMARY  ENGINE  CODE:  a  code  letter  which  designates  the 

condition  governing  the  engine 
performance : 

P  -  power  (or  thrust)  required 

T  -  turbine  temperature 
(engine  rating) 

W  -  fuel  flow  limit 


Nl  ■  gas  generator  shaft  rmp  limit 


C  ■  compressor  (Nj/8^)  limit 
N2  *  output  shaft  RPM  limit 
Q  -  torque  limit 


PRIMARY  ENG.  PEHF :  The  primary  engine  horsepower  fraction. 

This  is  the  ratio  of  power  being  used 
at  any  altitude,  Mach  number  condition 
to  the  maximum  power  available  at  that 
condition. 


In  addition,  the  following  data  is  printed  out  in  different 
segments : 


AUX.  TURB.  TEMP: 


AUX.  ENG.  CODE: 


AUX.  ENG.  PEHF: 


The  auxiliary  independent  engine  turbine 
temperature . 

A  code  letter  which  designates  the 
condition  governing  the  auxiliary 
independent  engine  performance:  (code 
is  same  as  for  primary  engines) . 

The  auxiliary  independent  engine  thrust 
or  horsepower  fraction.  This  is  the 
ratio  of  thrust  or  power  being  used  at 
any  altitude,  Mach  number  condition  to 
the  maximum  thrust,  or  power  available 
at  that  condition. 


AUX.  ENG.  FUEL  FLOW:  Auxiliary  independent  engine  time  rate 

of  fuel  consumption  in  pounds  per  hour. 


TEMP  DEG.  (F)  Ambient  temperature  ®F,  printed  out  in 

Taxi,  and  Takeoff,  Hover,  Landing  only. 

TOTAL  FUEL  FLOW:  Total  time  rate  of  fuel  consumption 

(primary  p~us  auxiliary  independent 
engines)  in  pounds  per  hour. 

T/W:  The  thrust-to-weight  ratio  (printed  out 

in  takeoff,  hover,  and  landing) . 

FM:  Main  rotor  overall  hover  figure  of  merit 

(for  a  tandem  rotor  configuration,  this 
includes  rotor /rotor  interference) 
(printed  out  in  takeoff,  hover  and 
landing) . 

BHP :  Total  power  required  (printed  out  in 

takeoff,  hover,  and  landing,  climb, 
cruise,  descent,  and  loiter) . 
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CT: 


CT/SIGMA: 


EAS: 


MU: 


CT  PRIME/SIGMA: 


Main  rotor  thrust  coefficient  (printed 
out  in  takeoff,  hover,  and  landing, 
climb,  cruise,  descent,  and  loiter) . 

CT/main  rotor  solidity  (printed  out  in 
takeoff,  hover,  and  landing) . 

The  equivalent  airspeed  in  knots 
(printed  out  in  climb,  cruise,  descent, 
and  loiter) . 

Main  rotor  advance  ratio  (printed  out 
in  climb,  cruise,  descent,  and  loiter). 

Main  rotor  cruise  lift  coefficient/main 
rotor  solidity  (printed  out  in  climb, 
cruise,  descent,  and  loiter). 


ALPHA  D/L:  Angle  of  total  rotor  thrust  (lift  plus 

propulsive  force)  vector  with  respect 
to  a  line  perpendicular  to  the  A/C 
flight  path  (printed  out  in  climb, 
cruise,  descent  and  loiter) . 

The  specific  range  in  nautical  miles 
per  pound  (printed  out  in  cruise) . 

The  flight  path  angle  in  degrees 
(printed  out  in  climb  and  descent) . 

Sate  of  climb  in  feet  per  minute 
(printed  out  in  climb) . 

Rate  of  descent  in  feet  per  minute 
(printed  out  in  descent) . 

6. 1.4. 2  Detailed  Printout 

In  addition  to  the  data  printed  above,  the  following  data 
(unless  noted  otherwise)  will  be  printed  in  takeoff,  hover, 
and  landing,  climb,  cruise,  descent,  and  loiter  segments  if 
the  OPTIONAL  PRINT  INDICATOR  -  1: 


NMPP: 

GAMMA: 

R/C: 

R/S: 


VRC  RHP:  Vertical  rate  of  climb  rotor  horsepower 

(printed  out  only  in  takeoff,  hover  and 
landing) . 

7MI :  Isolated  main  rotor  hover  figure  of 

merit  (printed  out  only  in  takeoff, 
hover ,  and  landing) . 
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TOTAL  FUEL  FLOW: 


M.  ROTOR  VTIP : 

M.  ROTOR  RHP: 

T.  ROTOR  VTIP: 

T.  ROTOR  RHP: 

PRIM.  ENG.  FUEL  FLOW: 
AUX.  ENG.  FUEL  FLOW: 

ROTLIM  CODE: 


DELCDM: 


CPPRO : 

CPIND: 

COO: 

PROP  VTIP: 
BHP  AUX: 

ETAP  PROP: 


Total  fuel  consumption  (primary  + 
auxiliary  independent  engines)  -  lb/hr 
(printed  out  only  in  loiter) . 

Main  rotor  tip  speed  -  feet  per  second 

Main  rotor  horsepower  (no  losses) 

Tail  rotor  tip  speed  -  feet  per  second 

Tail  rotor  horsepower  (no  losses) 

Primary  engine  fuel  consumption  -  lb/hr 

Auxiliary  independent  engine  fuel 
consumption  -  lb/hr 

A  code  letter  which  designates  whether 
main  rotor  has  exceeded  the  rotor  limits 
input  to  the  program. 

A  <■  Within  input  rotor  limits 

E  *  Rotor  limits  exceeded 

Compressibility  drag  coefficient  incre¬ 
ment  to  rotor  profile  power.  In  hover, 
it  is  a  function  of  rotor  Gp/a  and 
VTIP*  In  c  uise  it  is  a  function  of 
rotor  Gp/a  and  advancing  blade  tip  Mach 
number  (only  printed  out  when  a  rotor 
"cycle"  is  input) . 

Rotor  profile  power  coefficient  (only 
printed  out  when  a  rotor  "cycle”  is 
input) . 

Rotor  induced  power  coefficient  (only 
printed  out  when  a  rotor  "cycle"  is 
input) . 

Rotor  profile  drag  (total)  coefficient 
(only  printed  out  when  a  rotor  "cycle" 
is  input) . 

Propeller  tip  speed  -  ft/sec. 

Auxiliary  propulsion  power  required  (not 
printed  out  in  takeoff,  hover,  and 
landing) . 

Propeller  cruise  efficiency 
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TAUX/T  s 


Ratio  of  auxiliary  propulsion  thrust  to 
total  configuration  thrust  required. 


AUX.  ENG.  FUEL  FLOW: 
AUX.  TURB.  TEMP: 

AUX.  ENG.  CODE: 

AUX.  ENG.  PEHF : 


Sane  as  noted  earlier 


AUX.  ENG.  BHP  OR  THRUST:  Auxiliary  independent  engine  power 

(if  ENGIND  »  0,  horsepower  required 
printed  out.  If  ENGIND  *  1,  thrust 
required  printed  out) . 

CPPAR:  Rotor  parasite  power  coefficient  (only 

printed  out  when  a  rotor  "cycle"  is 
input) . 


CPNUD : 


DELCDS : 


CXR: 


Rotor  nonuniform  downwash  power  coeffi- 
cient  (only  printed  out  when  a  rotor 
"cycle"  is  input) . 

Retreating  blade  stall  coefficient 
increment  to  rotor  profile  power  (only 
printed  out  when  a  rotor  "cycle"  is 
input)  . 

Rotor  propulsive  force  coefficient 


J 


Propeller  advance  ratio 


CP 


Propeller  power  coefficient 


CT 


Propeller  thrust  coefficient 


CLW 


Wing  lift  coefficient 


CDW 


Wing  profile  drag  coefficient 


RN 


Fraction  of  total  lift  carried  by  rotor 


6. 1.4. 3  Headings 

At  the  beginning  of  each  segment,  a  printout  will  identify  the 
segment  data  which  follows.  The  following  messages  can  be 
printed : 

a.  TAXI  FOR  _ _  HRS.  AT  GROUND  IDLE  ENGINE  RATING 
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b.  TAKEOFF,  HOVER,  OR  LAND  AT  T/W  »  _  FOR  _  HRS. 


or :  TAKEOFF , 

HOVER,  OR  LAND  AT  PEHF  * 

_ ,  FOR  _  HRS. 

CLIMB  TO  _ 

FT. 

WITH  MAX  R/C  AT  _ 

ENGINE  RATING 

CLIMB  TO  _ 

FT. 

WITH  CONSTANT  EAS  AT 

ENGINE  RATING 

CLIMB  TO 

FT. 

WITH  CONST.  MACH  NO. 

AT  _  ENGINE 

RATING 

CLIMB  TO 

FT. 

WITH  CONSTANT  TAS  AT 

_  ENGINE 

RATING 

CLIMB  TO  OPT. 

ALT 

.  FOR  NEXT  CRUISE  WITH  MAX.  R/C  AT 

ENGINE  RATING,  MAXIMUM  ALT.  _  FT. 


CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  CONSTANT  EAS 
AT  _  ENGINE  RATING,  MAXIMUM  ALT.  _  FT. 

CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  CONST.  MACH  NO. 
AT _ ENGINE  RATING,  MAXIMUM  ALT.  _  FT. 

CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  CONSTANT  TAS 
AT  _  ENGINE  RATING,  MAXIMUM  ALT.  _  FT. 

d.  CRUISE  AT  _  ENGINE  RATING 

CRUISE  AT  _  KNOTS  TAS  LIMITED  BY  _  ENGINE  RATING 

CRUISE  AT  BEST  RANGE  SPEED  WITH  HEADWIND  OF  _  KNOTS 

CRUISE  AT  SPEED  FOR  99  PERCENT  BEST  RANGE  WITH  HEADWIND 
OF  _  KNOTS 

CRUISE  AT  BEST  RANGE  SPEED  WITH  HEADWIND  OF  _  KNOTS, 

CONSTANT  W/DELTA  -  _ 

6.  DESCEND  TO  H  ■  _  FT  AT  CONSTANT  EAS 

DESCEND  TO  H  ■  _  FT  AT  CONSTANT  TAS 

DESCEND  TO  H  ■  _  FT  AT  CONSTANT  TAS  (SPIRAL  DESCENT 

PATH) 

DESCEND  TO  H  -  _  FT  AT  CONSTANT  EAS  (SPIRAL  DESCENT 

PATH) 

DESCEND  TO  H  _  FT  AT  CONSTANT  MACH  NO. 

DESCEND  TO  H  -  _  FT  AT  CONSTANT  MACH  NO.  (SPIRAL 

DESCENT  PATH) 
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DESCEND 

TO 

H  = 

FT.  , 

R  = 

NM 

AT 

CONSTANT 

EAS 

DESCEND 

TO 

H  = 

FT.  , 

R  = 

NM 

AT 

CONSTANT 

MACH  NO. 

DESCEND 

TO 

H  =  _ 

_ FT., 

R  =  _ 

_  NM 

AT 

CONSTANT 

TAS 

f. 

LOITER 

FOR  HRS . 

9. 

CHANGE 

FUEL,  ADD  LB 

CHANGE 

FUEL,  REMOVE 

LB 

h. 

CHANGE 

PAYLOAD,  ADD  _ 

LB 

CHANGE 

PAYLOAD,  REMOVE  _ 

_  LB 

i.  TRANSFER  ALTITUDE  TO  _  FT 

After  the  complete  mission  history  has  been  printed,  the 
following  fuel  summary  will  be  printed: 

MISSION  FUEL  REQUIRED  = 

RESERVE  FUEL  REQUIRED  = 

TOTAL  FUEL  REQUIRED  = 


NOTE:  If  segments  1  through  6  are  used  for  reserve  fuel 
calculations,  headings  a.  through  f.  will  be  fol¬ 
lowed  by  the  statement  FOR  RESERVE  FUEL. 

6. 1.4. 4  General  Performance  Data 

If  the  General  Performance  Mission  (SGTIND  =  11)  is  issued,  a 
fixed  heading  consisting  of  7  constant  parameters,  followed  by 
a  49  variable  list  will  be  printed. 


The  fixed  constants  are: 

GROSS  WEIGHT  *  _ 

ALTITUDE  -  _ 

TEMPERATURE  *  _ 


where  DELTA  *  P/PQ 
THETA  ■  T/T 

o 

DELTRTH  ■  i /e“ 


W/DELTA  » 
DELTRTH  = 
DELTA  » 
THETA  * 


P  T 


6-17 


The  49  variables  will  be  printed  out  according  to  the  input 
velocity  increment  av-  (LOC  4230).  These  variables  con¬ 
sist  of: 


SHP/DELRTH  =  RATIO  OF  SHAFT  HORSEPOWER  TO  PRESSURE 

RATIO  MULTIPLIED  BY  SPARE  ROOT  TEMPERATURE 
RATIO. 


SHPI/DELRTA  = 


RATIO  OF  AUXILIARY  INDEPENDENT  ENGINE 
SHAFT  HORSEPOWER  TO  PRESSURE  RATIO  MUL¬ 
TIPLIED  BY  SQUARE  ROOT  TEMPERATURE  RATIO. 


M.  ROTOR 
RHP/DELRTH 


RATIO  OF  MAIN  ROTOR  HORSEPOWER  TO 
PRESSURE  RATIO  MULTIPLIED  BY  SQUARE 
ROOT  TEMPERATURE  RATIO. 


T.  ROTOR 
RHP/DELRTH 


RATIO  OF  TAIL  ROTOR  HORSEPOWER  TO  PRESSURE 
RATIO  MULTIPLIED  BY  SQUARE  ROOT  TEMPERATURE 
RATIO. 


AUX.  PROP 
RHP/DELRTH 


RATIO  OF  AUXILIARY  PROPULSION  ROTOR  HORSE¬ 
POWER  TO  PRESSURE  RATIO  MULTIPLIED  BY  SQUARE 
ROOT  TEMPERATURE  RATIO. 


CONFIG  L/DE 


RATIO  OF  LIFT  TO  EFFECTIVE  DRAG  FOR  THE 
ENTIRE  CONFIGURATION  OF  AIRCRAFT. 


ROTOR  L/DE 


I 

RATIO  OF  ROTOR  LIFT  TO  EFFECTIVE  DRAG  FOR 
THE  ROTOR  ONLY. 


RATIO  OF  ROTOR  LIFT  TO  EFFECTIVE  DRAG  FOR 
THE  INDEPENDENT  (TANDEM)  ROTOR  ONLY. 

RATIO  OF  WING  LIFT  TO  EFFECTIVE  DRAG 

FRACTION  OF  TOTAL  LIFT  CARRIED  BY  ROTOR. 

The  remaining  variables  are  printed  out  in  the  General  Perform¬ 
ance  segment  regardless  of  the  value  of  the  optional  print 
indicator  (LOC  0002). 


ROTOR 
( L/DE ) I 

WING  L/DE 


TAS 

M.  ROTOR  VTIP 

CPPRO 

J 

MU 

M.  ROTOR  RHP 

CPIND 

CP 

CT/SIGMA 

T.  ROTOR  VTIP 

CPPAR 

CT 

CT 

T.  ROTOR  RHP 

RPNUD 

CLW 

ALPHA  D/L 

PROP  VTIP 

EDO 

CDW 

BHP 

BHP  AUX 

DELCDS 

AUX  ENG  PETF 

BHPI 

ETAP  PROP 

DELCOM 

T/W 

TAUX/T 

CXR 

7M 

TOTAL  FUEL  FLOW 

SPEC  RANGE 

(NMPP) 

FMI 

PRIM  ENG  FF 

AUX  ENG 

FF 

EAS 

PRIM  ENG  PEHF 

AUX  ENG 

PEHF 
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7.1  COMMENTS  ON  PROGRAM  USAGE 


Following  are  a  list  of  rules  and  suggestions  for  using  the 
program : 


7.1.1  Rules 

1.  Do  not  use  descent  option  RMAXND  =  0  unless  preceded  by 
a  cruise. 

2.  Do  not  input  a  turbofan  or  turbojet  engine  cycle  for  the 
primary  engines. 

3.  (T/w)_  (LOC  0228)  must  always  be  input.  This  is  the  basic 
configuration  design  thrust- to -weight  ratio.  It  is  used 

to  establish  the. basic  configurations  download  for  calcula¬ 
tion  of  both  hover  and  low  forward  speed  performance. 


4.  If  FIXIND  *  0  and  FIXINDI  =0.1,  locations  0234  -  0241 

must  be  input  to  allow  sizing  of  the  auxiliary  independent 
engines . 


5.  If  FIXIND  =  1  and  ESCIND  =  1  only  fixed  size  auxiliary 
independent  engines  (FIXINDI  =  0.0)  may  be  input. 


6. 


7. 


If  OPTIND  *  2,  the  helicopter  parasite  drag  should  be  input 
as  two  terms.  The  wing  (if  there  is  one)  profile  drag  co¬ 
efficient  is  input  to  the  table  of 
other  component  contributions  are  inj 
term  F  (LOC  0316).  The  terms  Cp 


versus  CL,  and  all 


by  means  of  the 

'AP  ^Fp’  ^CSMr’  ^SHMR 

D  '  °D  '  KHPIM' 

NI  NS  VT  HT 

Khptt'  Ni'-  Kwt'  Vp'  Kjct  not  used  in  OPT11® 

=*“2:-  If^the^optioft  indicator  is  1,  ill  texms  and  factors 

may  be  used. 


CSTR 


SHTR 


°d  '  s, 


N 


If  OPTIND  *  2,  all  necessary  green  colored  locations  on  the 
input  sheets  should  be  filled  in,  regardless  of  any 
footnote  messages. 


8.  If  cruise  is  followed  by  descent  with  RMAXND  =  0,  the 
cruise  step  size  (LOC.  0771  -  0780)  should  not  be  less 
than  10  to  15  nautical  miles.  This  is  necessitated  by  the 
fact  that  a  table  of  cruise  conditions  is  compiled  during 
cruise  to  use  in  the  determination  of  the  starting  point 
for  descent.  This  table  consists  of  10  points.  The  cruise 
step  size  therefore  must  be  sufficiently  large  to  ensure 
that  the  total  of  nine  steps  in  range  is  greater  than  the 
range  required  for  the  following  descent.  A  cruise  step 
size  which  is  too  small  will  lead  to  termination  of  the 
case  with  the  printout: 


***  ERROR  ***  THE  RANGE  NECESSARY  TO  DESCEND  ZS  GREATER 
THAN  THE  RANGE  OF  THE  TABLE  CALCULATED  IN  CRUISE.  THIS 
HAY  BE  DUE  TO  A  DELTA  R  IN  CRUISE  WHICH  ZS  TOO  SMALL. 

9.  At  present  do  not  uae  SGTXND  =  7  with  OPTIND  *  1  unless 
a  sufficiently  large  Sr  is  input  to  coup lately  refuel 
the  aircraft.  Missions  employing  change  of  fuel  can  be 
analyzed  by  running  separate  cases,  a  new  case  each  tim* 
the  fuel  is  changed.  The  aircraft  can  be  separately  sized 
for  each  case  and  compared  manually. 

10.  The  value  for  payload  which  is  input  (LCD.  2604)  should 
be  the  payload  at  initial  takeoff. 

11.  If  KPRINT  (LOC.  0002)  *  0,  ambient  temperature  will  only 

be  printed  out  in  TAXZ  ( SGTXND  si.),  and  General  Performance 
(SGTIND  -  11.) 

7.1.2  Suggestions 

1.  Input  locations  0005  -  0022  are  arranged  in  a  sequential 
order  (1st  and  2nd  order  size  trend  and  propulsion  indica¬ 
tors  )  which  allows  configuration  types  to  be  input  in  a 
logical  "building  block"  manner.  Use  of  this  arrangement 
facilitates  the  input  of  data.  For  example  if  the  user 
wishes  to  input  a  single  rotor  auxiliary  independent 

.  engine  compound  helicopter,  the  following  input  sequence 
follows : 

a)  input  CNFXND  =  1  (single  rotor  helicopter) 

b)  Input  AUXIND  »  4  (compound  helicopter) 

c)  Since  a  compound  helicopter  has  wings,  input  desired 
wing  sizing  options  ( SwIND  and  bwIND ) . 

d)  Input  AXPIND  «  2  (auxiliary  independent  engines) 

e)  Input  desired  type  of  auxiliary  independent  engine 
(ENGXND) 

f)  Input  those  options  pertaining  only  to  single  rotor 
helicopters  (TRDIND,  TRSIND,  VTFIND,  HTXND,  and 
MRPIND) 

2.  If  nonstandard  atmosphere  is  required  only  for  constant 
altitude  segments,  such  as  loiter,  cruise,  and  takeoff, 
the  table  of  temperature  ratio  versus  altitude  need  not 
be  filled  in.  The  nonstandard  atmosphere  may  be  obtained 
by  use  of  ATMIND  -  1. 

3.  If  it  is  desired  to  run  OPTIND  *  2  for  a  helicopter  which 
has  previously  been  sized  in  a  separate  case,  the  drag 
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7.2  DISCUSSION  OF  PROGRAM  TOLERANCES 


The  tolerances  tabulated  in  Table  7-1  represent  the  accuracy 
required  of  iterated  values  calculated  at  certain  points  in 
the  program.  Whenever  the  values  of  the  quantities  named  in 
Table  7-1  become  less  than  the  value  quoted,  the  iterating 
calculation  is  terminated. 
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TABLE  7-1.  PROGRAM  TOLERANCES 


VARIABLE  BEING 

SITUATION 

SYMBOL 

VALUE  CALCULATED 

IN  PROGRAM 

FUNCTION  OF  TOLERANCE 

&  ( W ' 

(X  /i  ) 

M  B  C 


aotr 

°TRX 

AOTRi 


“tol 


0.01  W<3/  Gross  Weight 


Main  Control 
Loop 


0.1®  y,  Flight  Path 
Angle 


0.01  BHP.-BHP- 
A  R 


0.01  bl  -  b2 


Climb  &  De¬ 
scent  Sub 
routines 

Cruise 


CRSIND  -  1 


When  the  quantity 
|l-(Wf>A/(Wf>Rl<  TOL,  the 
fuel  required  and  available 
are  considered  to  be  suf¬ 
ficiently  close  and  the 
sizing  calculation  is 
terminated. 

Determines  flight  path 
angle  to  within  0.1® 


The  cruise  speed  is  set 
when  BHPr  is  within 
0.01  BHPa 


Bi  -  B2  i 

“ §2  * 

computation 


is  used  to  adjust 
AV  to  expedite 


0.01  (Xm/1b)-(Xm/^b)c 

(XmAb)c 


0.01  DTR  “ 

°TRx 

0.01  i7TRi~aTR 


5  nm  R,  Range 


Main  control 
loop 


Size  trends 
subroutine 


Main  control 
loop 


Descent  Sub 
routine 


computation.  If  Bj.  -  B2 
—2 

becomes  less  than  AB , 
BHPr  always  exceeds  BHP& 

The  main  rotor  position 
is  determined  when 
XmAs  is  within  0.01 

(Xvi/Wa 

The  tail  rotor  diameter 
is  determined  when  D^s. 
is  within  0.01  D<prj.  r 

The  tail  rotor  solidity 
is  determined  when  o^r, 
is  within  0.01  o^R. 


If  the  range  at  the  end  of 
descent  is  within  Rtoj,  nm 
of  R^x  the  calculation 
terminates 


7.3  SAMPLE  CASES 


To  illustrate  the  use  of  the  program,  five  sample  cases  have 
been  run  and  the  output  included  here. 

The  first  case,  first  run,  is  for  a  single-rotor  compound 
helicopter  with  auxiliary  independent  cruise  propulsion 
(T/Shaft  -  Propeller).  This  case  illustrates  main  rotor 
(diameter  and  solidity)  sizing,  wing  sizing  for  maneuver 
conditions,  auxiliary  independent  engine  sizing,  tail  rotor 
solidity  sizing  to  meet  hovering  turn  requirements,  vertical 
tail  area  sizing  based  on  tail  rotor  loss  (in  cruise)  criteria, 
and  the  use  of  a  drag  trend.  The  primary  engines  and  drive 
system  are  sized  to  meet  specified  takeoff  and  cruise  re¬ 
quirements.  The  second  run  of  Case  No.  1  is  identical  to 
Run  1,  except  the  helicopter  is  sized  for  weights  only. 

The  second  case,  cun  1,  is  for  a  tandem  rotor  winged  helicop¬ 
ter.  It  illustrates  the  use  of  the  component  drag  buildup 
option,  fuselage  sizing  based  on  specified  rotor  overlap  and 
cabin  dimensions,  aft  rotor  pylon  sizing  based  on  an  input  gap/ 
stagger  ratio,  wing  sizing  for  maneuver  conditions,  and  main 
rotor  (diameter  and  solidity)  sizing.  The  primary  engines  and 
drive  systems  are  sized  to  meet  specified  takeoff  and  cruise 
requirements.  The  second  run  of  Case  2  is  identical  to  Run  1, 
except  the  print  option  is  for  standard  print,  eliminating 
specific  details. 

The  third  sample  case,  ran  1,  is  for  a  helicopter  which  has  two 
contra-rotating,  coaxial,  three-bladed  rigid  rotors.  Lift  offset 
is  employed  on  each  rotor  disc  to  increase  lift  and  maintain  roll 
trim.  The  need  for  a  conventional  tail  anti torque  rotor  is 
eliminated  by  the  coaxial  arrangement.  Two  auxiliary  fuselage 
mounted  fans  driven  from  the  primary  engines  are  used  to  provide 
propulsive  force  at  high  speeds.  This  case  illustrates  the  use 
of  the  rotor  L/D  (Type  II)  rotor  map  input  (ROTIND  -  4)  and 
the  sizing  of  a  helicopter  without  a  tail  anti-torque  rotor 
(TRDIND  =  0).  Rotor  solidity  and  disc  loading  are  specified 
to  size  the  rotor.  The  engines  are  sized  to  meet  either  the 
takeoff  or  cruise  speed  requirements,  whichever  are  critical. 

The  main  rotor  transmissions  were  sized  for  full  installed  torque 
and  the  auxiliary  transmission  used  to  drive  the  auxiliary 
fuselage  mounted  fans  were  sized  for  a  high  speed  cruise  torque 
requirements.  Run  2  is  identical  to  Run  1,  except  a  torque 
limit  was  imposed  on  the  auxiliary  propulsion  transmission 
instead  of  on  the  main  and  tail  rotor  transmission  as  in  Run 
1.  Run  3  is  identical  to  Run  2  except  the  drive  system  was 
rated  for  cruise.  The  drive  system  component  (main,  tail  and 
auxiliary)  power  was  obtained  from  the  proportional  split  of 
the  total  sea  level  standard  power. 


The  fourth  sample  case.  Run  1,  is  for  a  helicopter  which  has 
two  contra-rotating,  coaxial,  four-bladed  rigid  rotors.  The 
need  for  a  conventional  tail  anti-torque  rotor  is  eliminated 
by  the  coaxial  arrangement.  Two  auxiliary  fuselage  mounted 
propellers  driven  from  the  primary  engines  are  used  to  provide 
propulsive  force  at  high  speeds.  Run  1  illustrates  the  use 
of  the  rotor  L/D_  rotor  map  input  (ROTIND  =  S).  The  rotor  is 
operated  at  maximum  rotor  L/D_  with  T  t_VT  as  output.  The 
program  accepts  a  tip  velocity  schedule  which  consists  of  a 
mix  between  the  advancing  blade  tip  Mach  number  and  the  tip 
velocity.  The  helicopter  is  sized  without  a  tail  anti-torque 
rotor  (TRDIND  =0).  Rotor  solidity  and  disc  loading  are 
specified  to  size  the  rotor  (RDMIND  =  2).  The  engines  are 
sized  to  meet  the  takeoff  requirements  (ESCIND  =  1).  The 
main,  tail  and  auxiliary  drive  system  ratings  are  specified 
at  a  fraction  of  the  power  required  to  hover  or  cruise  at 
design  conditions.  The  more  critical  of  the  two  conditions  is 
selected. 


In  Run  1  when  TAUX/T  =  1000.  the  auxiliary  propulsion  schedule 
(locations  1671A-  1692)  is  followed  directly  as  input.  Run  2 
is  identical  to  Run  1  except  for  the  L/DR  rotor  map  input 
(ROTIND  =6.)  In  Run  2  the  rotor  is  operated  at  maximum  con¬ 
figuration  L/D_  with  Taux/T  as  output.  Run  3  is  similar  to 
Run  2  with  changes  onlyuxn  NTT  and  TAUX/T-  The  program 


li 

UMAX 


assumes  the  V  _  schedule  is  in  V _  only  (locations  1269  - 

1278).  Also,  the  propulsive  thruSTTprovided  by  auxiliary 
propulsion  at  the  specified  condition  for  engine  sizing  follows 
the  Auxiliary  Propulsion  Schedule  in  locations  1671  -  1692. 
Above  that  p  the  maximum  L/D_  is  used. 


The  fifth  sample  case  is  for  a  single-rotor  helicopter  including 
wings  only.  This  case  illustrates  wing  sizing  for  maneuver 
conditions,  main  rotor  disc  loading  sizing,  tail  rotor  solidity 
sizing  to  meet  hovering  turn  requirements,  and  the  use  of  the 
General  Performance  Segment  ( SGTIND  =  11 ) .  The  primary  engines 
are  sized  to  meet  takeoff  requirements  only. 


7-6 


SAMPLE  CASE  NO.  1 


GENERAL 

INFORMATION 

SHEET 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1.0 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1.0 

Detailed  printout  de¬ 
sired 

DRGIND 

C003 

2.0 

GW/Fe  Drag  trend  uti¬ 
lized 

OSWIND 

0004 

0 

User  inputs  Oswald 
efficiency  factor 

CNFIND 

0005 

1.0 

Single-rotor  helicopter 

AUXIND 

0006 

4.0 

Compound  helicopter 

REMIND 

0007 

4.0 

Main  rotor  diameter 
sized  based  on  input 
disc  loading;  solidity 
sized  based  on  input 

Op/  o 

FIXIND 

0008 

1.0 

Program  sizes  primary 
eng ines 

ROTIND 

0009 

1.0 

Short  form  rotor  per¬ 
formance  method  used 

SwIND 

0010 

3.0 

Wing  area  sized  by  ma¬ 
neuver  conditions 

fcyIND 

0011 

1.0 

Wing  span  sized  based  on 
input  wing  span/rotor 
diameter  ratio 

AIPIND 

0012 

2.0 

Independent  auxiliary 
engines 

ENGIND 

0013 

0 

Turboshaft  auxiliary  in¬ 
dependent  engines 

FIXIND I 

0014 

1.0 

Program  sizes  auxiliary 

independent  engines 
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VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


TRDIND 

0015 

1.0 

Tail  rotor  diameter 
sized  based  on  tail 
rotor/main  rotor  diam¬ 
eter  trend 

TRSIND 

0016 

2.0 

Tail  rotor  solidity 
sized  based  on  input 

Cfj>/ o 

VTFIND 

0017 

2.0 

Vertical  Fin  area  sized 
to  meet  configuration 
anti-torque  require¬ 
ments  upon  loss  of  tail 
rotor 

HTIND 

0018 

2.0 

Horizontal  tail  volume 
coefficient  input 

MRPIND 

0019 

0 

Main  rotor  position  (on 
fuselage)  input  by  user 

ESCIND 

0022 

2.0 

primary  engines  sized 
for  either  takeoff  or 
cruise 

WG0 

‘  0023 

25000 

First  guess  at  design 
gross  weight 

hO 

0024 

0 

Start  alti-*" 
tude 

Normally 
„  0  except 

Ro 

0025 

0 

Starting 

range 

for 

partial 

mission 

0026 

0 

Starting 
time  „ 

analysis 

hop^IND 

0027 

0 

Cruise  at  specified 
altitudes 

%0 

0028 

0.33 

Maximum  operating  Mach 
number 

vMO 

0029 

220 

Maximum  operating  EAS 
knots 

V 

DIVE 

0030 

220 

Design  dive 
knots  EAS 

speed. 
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VARIABLE 

mLF 

Kl 

5Wf 

Kpp 

SGTIND 


LOCATION 

VALUE  ASSIGNED 

REMARKS 

0031 

3.5 

Maneuver  load  factor 

0032 

1.0 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel,  i.e.,  1.1  would 
give  10  percent  re¬ 
serves 

0033 

0 

Fixed  fuel  increment  for 
reserves  or  other  use 

0034 

1.05 

Increase  basic  engine 

SFC  by  5  percent 

0035 

1.0 

Taxi 

0036 

2.0 

Takeoff 

0037 

4.0 

Cruise 

0038 

3.0 

Climb 

0039 

•  4.0 

Cruise 

Sequence 

0040 

9.0 

Transfer 

altitude 

of 

0041 

2.0 

Takeoff 

^  Design 

0042 

o 

• 

CO 

Change  pay- 
load 

Mission 

0043 

6.0 

Loiter 

0044 

3.0 

Climb 

0045 

4.0 

Cruise 

0046 

60.0 

Loiter  (re¬ 
serve  fuel) 

0047 

100.0 

End  of  case^ 
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HELICOPTER  DIMENSIONAL  INFORMATION  SHEET 
VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


byj/D 

0103 

0.5 

Wing  span/main  rotor 
diameter  ratio 

(t/c)R 

0105 

0.20 

Wing  root  thickness/ 
chord  ratio 

(*/<=)  T 

0106 

0.12 

Wing  tip  thickness/ 
chord  ratio 

Ac/4 

0107 

0 

Quarter-chord  mean 
sweep  angle,  degrees 

\ 

0108 

0.5 

Wing  taper  ratio  (tip 
chord/root  chord) 

Cp/C 

0109 

1.0 

Ratio  of  download  al¬ 
leviating  flap  chord  to 
wing  chord  (1.0  signi¬ 
fies  a  fully  tilting 
wing) 

h/hp 

0110 

0.20 

Ratio  of  vertical  wing 
position  on  fuselage  as 
a  fraction  of  fuselage 
height 

cld 

0111 

0.8 

Wing  design  lift  coef¬ 
ficient 

arht 

0112 

4.0 

Horizontal  tail  aspect 
ratio 

l' 

TH 

0113 

1.15 

Ratio  of  horizontal  tail 
moment  arm  to  main  rotor 
radius 

( t/ C  )  jjrp 

0114 

0.12 

Horizontal  tail  thick¬ 
ness/chord  ratio 

*H 

0115 

0.0162 

Horizontal  tail  volume 
coefficient 

XH 

0116 

0.5 

Horizontal  tail  taper 
ratio 

^Svat/Sp 

0120 

0 

Fuselage  wetted  area 

ratio 
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VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


ASwet 

0121 

0 

Incremental  fuselage 
wetted  area 

hF 

0122 

7.0 

Fuselage  height 

Wp 

0123 

6.5 

Fuselage  width 

(A/d)p 

0124 

1.3 

Fineness  ratio  of  nose 

(Vd)T 

0125 

1.0 

Fineness  ratio  of  tail 

l 

c 

0126 

12. 

Constant  diameter  sec¬ 
tion  length 

*RW 

0127 

0 

Length  of  ramp  well 

%/4b 

0128 

0.55 

Main  rotor  position  aft 
of  the  nose  as  a  frac¬ 
tion  of  main  fuselage 
length 

TB  TB 

0129 

5.0 

Fineness  ratio  of  tail 
boom 

dTTB^dTB 

0130 

0.3 

Ratio  of  average  tail 
boom  tip  diameter  to 
average  tail  boom 
diameter 

*T.  STING 

0131 

1.1 

Tail  boom  extends  aft  of 
the  tail  rotor  disc  by 

10  percent  of  the  tail 
rotor  radius 

XVT 

0136 

0.45 

Vertical  tail  taper 
ratio 

( t/' C  ) 

0137 

0.15 

Vertical  tail  thick¬ 
ness/chord  ratio 

?VT 

0138 

0.80 

Vertical  tail  fin/tail 
rotor  overlap  ratio 

K55 

0139 

0.85 

Vertical  position  of  the 
tail  rotor  center  (rela¬ 
tive  to  the  vertical 
fin  root  chord)  as  a 
fraction  of  tail  rotor 
radius 

VARIABLE 


LOCATION 


Ses 

VDES 

Z1 

0140 

0.5 

Vertical  tail  fin  de¬ 

0141 

180 

sign  lift  coefficient 

Vertical  tail  fin  sized 

0142 

0.035  ’ 

to  provide  aircraft 
directional  stability 
at  180  kts  in  event  of 
tail  rotor  loss 

) 

Z2 

0143 

2.0 

*  Primary  engine 

Z3 

0144 

0.07B  j 

|  nacelle  constants 

^AIP^^C 

0145 

.1 

Ratio  of  air  induction 

Z4 

0146 

0.035  ' 

system  length  to  engine 
length  (primary  engines) 

) 

Z5 

0147 

2.0 

Auxiliary  independent 
engine  nacelle  con- 

Z6 

0148 

0.078 ( 

|  8 t ants 

iAIA/lEA 

&S/SSTR 

/<SNI 

(t/c)Rp 

0149 

.0 

Ratio  of  air  induction 

0150 

.0 

system  length  to  engine 
length  (auxiliary  engines) 

Ratio  of  incremental 

0151 

.1 

auxiliary  independent 
engine  nacelle  strut 
planforxa  area  to  auxil¬ 
iary  independent  engine 
nacelle  strut  planform 
area 

Ratio  of  auxiliary  inde¬ 

'  0152 

0.40 

pendent  engine  nacelle 
strut  span  to  nacelle 
diameter 

Forward  rotor  pylon 

root  thickness/chord 
ratio 

TP 


(t/c) 


0153 


0.20 


Forward  rotor  pylon  tip 
thickness/chord  ratio 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

ss um. 

ARFP 

0154 

0.5 

Forward  rotor  pylon 
aspect  ratio 

X  pp 

0155 

0.4 

Forward  rotor  pylon 
taper  ratio 

V 

0156 

3.0 

Forward  rotor  pylon 
height 

MAIN  ROTOR  DIMENSIONAL  DATA  SHEET 

ROTOR  CYCLE 
NO. 

0171 

3  • 

Rotor  blade  section 
aerodynamic  charac¬ 
teristics  selection 

nr 

0172 

1.0 

Number  of  rotors 

W/A 

0173 

11.0 

Disc  loading 

bMR 

0176 

4.0 

Number  of  blades/nain 
rotor 

6  T 

0  MR 

0177 

o 

• 

o* 

i 

Main  rotor  twist  (deg) 

x 

MR 

0178 

0.25 

Main  rotor  blade  cutout 
as  a  fraction  of  radius 

XMR 

0179 

0.075 

Main  rotor  blade  attach¬ 
ment  point  as  a  fraction 
of  radius 

<t/C>.25R 

0180 

0.10 

Rotor  blade  thickness/ 
chord  at  25  percent  radius 

VTIP 

0181 

725 

Main  rotor  tip  speed 

<V°>H 

0182 

0.12 

Rotor  wlift  coefficient" 
for  hover  Bising 
solidity 

T/W 

0183 

1.06 

Rotor  design  thrust/ 
weight  ratio 

VKT<C> 

0184 

165  ^ 

Cruise  flight  con- 

hc(C) 

0185 

3000  l 

ditions  for  siring 
rotor  solidity 

aTin 

c 

0186 

43.2  J 
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LOCATION  VALUE  ASSIGNED 


REMARKS 


VARIABLE 


<cT/o)CR 

0187 

0.110 

Rotor  "lift  coefficient" 
for  sizing  rotor  solidity 
in  cruise  flight 

gREQM'T 

0188 

1.75 

Total  g  requirement, 
helicopter  must  satisfy 

g  (ROTOR) 

0189 

1.35 

Maneuver  g's  carried  by 
main  rotor 

N  (ROTOR 
LOADING) 

0190 

1.00 

Rotor  lift/GW  for  lg 
cruise  flight  rotor 
solidity  sizing 

vcehl 

VCEH2 

0191 

0192 

1.53 

0 

Main  rotor  vertical 
rate-of-climb  effi¬ 
ciency  factors 

^CLIMB 

0193 

0.85 

Helicopter  forward 
flight  climb  efficiency 

TAIL  ROTOR  DIMENSIONAL  DATA 

SHEET 

bTR 

0203 

5.0 

No.  of  blades/tail  rotor 

9TTR 

0204 

-4.0 

Tail  rotor  twist  (deg) 

*c 

TR 

0205 

0.3 

Tail  rotor  blade  cutout 
as  a  fraction  of  radius 

XTR 

0206 

0.075 

Tail  rotor  blade  attach¬ 
ment  point  as  a  fraction 
of  radius 

VTTR 

0207 

690 

Tail  rotor  tip  speed 

<V*WB> 

0208 

0.17 

Tail  rotor  limiting 
design  rotor  "lift 
coefficient" 

$ 

0209 

0.30 

Helicopter  yaw  accel¬ 
eration,  rad/sec4 

♦ 

0210 

0.75 

Helicopter  yaw  rate, 
rad/sec 

CT  //CT 

G  NET 

0211 

1.00 

Vertical  tail  fin/tail 
rotor  sideload  ratio 

(when  input  as  1.00, 
program  calculates  a 
value  of  C_  /C_  based 
A0  *Net 

7-15  on  tail  fin/rotor  geos* try) 


VARIABLE 


LOCATION  VALUE  ASSIGNED 


c 

0212 

0.72 

Tail  rotor  induced 
velocity  ratio  for  a 
pusher  type  tail  rotor 
(see  fig.  4-21,  sect. 
4.8) 

Kzzz 

0213 

1.00 

Single  rotor  helicopter 
yaw  moment  of  inertia 
trend  adjustment  factor 
( nominally  3  1.00) 

^MR/TR 

0214 

1.0 

Gap  between  main  and 
tail  rotor  disc  (ft) 

ktrs 

021S 

1.05 

Tail  rotor  solidity  in¬ 
creased  5  percent  over 
that  dictated  by  hover¬ 
ing  turn  requirements 

ClFIN 

0216 

0 

Vertical  tail  fin  oper¬ 
ating  cruise  lift  co- 

efficient: 


PRIMARY  ENGINE  SIZING  INFORMATION  SHEET 

PRIMARY 

ENGINE 


CYCLE  NO. 

0217 

1.761 

Primary  engine  selection 

*P 

0219 

2.0 

No.  of  primary  engines 

XMSNIND 

0220 

2.0 

Drive  system  rated  at 
power  required  to  hover 
or  cruise  (more  critical 
of  the  two  conditions 
selected  by  program) 

shpmrx/shpSr 

0221 

1.0 

Main  rotor  drive  system 
is  rated  at  100  percent 
of  main  rotor  design 
power 

kaltpayl 

0222 

1. 

Ratio  of  alternate 
payload  imeraswat  to 
design  payload  (used 
in  am  siaing) 

nT 

0223 

0.97 

Transmission  efficiency 

A88pacc 

0224 

100 

Accessory  power  losses 

0225 

1.0 

Tail  rotor  drive  system 

is  rated  at  100  percent 
of  tail  rotor  design  power 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


shpaux/shpXux 

0226 

1.0 

Aux  propulsion  drive 
system  is  rated  at  100 
percent  of  aux  propul¬ 
sion  design  power 

^(H) 

0227 

4000 

Design  point  hover  al¬ 
titude  (engine  sizing) 

(T/W)d 

0228 

1.06 

Configuration  design 
point  hover  thrust/ 
weight  ratio 

aTinto*h) 

0229 

50.3 

Increment  in  ambient 
temperature  for  engine 
sizing  at  takeoff  con¬ 
ditions  (°F) 

<nii/niimax)to 

0230 

1.105 

Main  rotor  operating  at 
100  percent  of  hover 
tip  speed  (725  fps ) ; 
as  input  in  location 

0181,  i 

NII 

.  •  C  »  i 

klMAx) 

NII 

Tol  Nil*  / 

k  MAX; 

1  / 

(LOC  0230 )x( LOC  1 

(LOC  0181) 


*  (1.105)  (.905)  (725) 


TOPERATING 


npsd 

0231 

0 

No.  of  engines  inopera¬ 
tive  at  hover  design 
point  conditions 

SHPg/SHP* 

0232 

0.95 

Engines  sized  to  permit 
operation  in  hover  (0GB) 
at  95  percent  of  the 
marimun  rated  power 

(VR/c>d 

0233 

.0 

Design  vertical  rate  of 
climb  (ft/tain)  need  in 
sizing  primary  engines 
in  hover 

POWIND 

0234 

2. 

Normal  engine  rating 

hC 

0235 

3000 

Design  peint  (amine) 
altitude  (engine  mining) 

v_ 

0236 

170 

Dae iga  peint  amine 

7-17 


■V 


VARIABLE 

ATINCE 


^II^IIMAXic 


LOCATION 

0237 


VALUE  ASSIGNED 
43.2 


0238 


1.105 


(TAUX/TTOT)C 


0239 


0.75 


^PSD^C 


0240 


0241 


0.3 


REMARKS 

Increment  in  ambient 
temperature  for  primary 
engine  sizing  at  cruise 
condition  (°P) 

Ratio  of  operating  power 
turbine  speed  to  maximum 
power  turbine  speed  (in¬ 
put  when  sizing  primary 
engines  for  cruise) 

75  percent  of  propulsive 
thrust  provided  by  aux. 
propulsion  at  cruise 
conditions  for  engine  . 
sizing 

wing  operating  lift  co¬ 
efficient  at  cruise  con¬ 
ditions  for  engine  sizing 

No.  of  primary  engines 
shut  down  during  cruise 
(for  engine  sizing) 


AUXILIARY  INDEPENDENT  ENGINE  SIZING  INFORMATION  SHEET 


AUX  PROPUL-  0242 

SION  ENGINE 
CYCLE  NO. 

Np  0245 

POWIND  0246 


0247 


1 . 761  Auxiliary  independent 

engine  selection 


1.0  Helicopter  has  one  aux. 

independent  engine 

2  Aux.  independent  engine 

sized  to  provide  75  per¬ 
cent  of  configuration 
propulsive  thrust  at  NRP 

1.105  Ratio  of  operating  power 

turbine  speed  to  maximum 
power,  turbine  speed 
(input  when  sizing  pri¬ 
mary  engines  for  cruise) 


No.  of  PROPS 


0248 


Number  of  propellers 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


PROPELLER  DATA  REQUIRED  FOR  COMPOUND  HELICOPTER  AUX  PROPULSION 
INFORMATION  SHEET 


v 

TAR 

0249 

900 

Propeller  tip  speed 

DIA 

0250 

10 

Propeller  diameter 

XAR 

0251 

0.075 

Propeller  blade  attach¬ 
ment  point  as  fraction 
of  radius 

nTAUX 

0252 

0.97 

Auxiliary  drive  system 
transmission  efficiency 

”pIND 

0253 

0 

"Point"  propeller  effi¬ 
ciencies  specified  for 
climb  and  cruise 

"p3 

0254 

0.82 

Propeller  efficiency  in 

. 

climb 

n  5 

0255 

.8 

Propeller  propulsive 

P 

efficiency  for  SGTIND=5 

AF/Blade 

0257 

140 

3-way  propeller,  140 

No.  of  Blades 

0258 

3 

activity  factor/blade 

No.  of  pairs 

0261 

4 

Number  of  pairs  in  prop/ 

in  n  .  Table 
p4 

fan  efficiency  table, 
locations  0262-0271 

Values  of 

0262 

.0  " 

|  Mach  number  required 

MACH 

0263 

.2  / 

during  climb  and/or 

0264 

•4  \ 

descent 

0265 

.8  J 

1 

np4 

0272 

.85  " 

|  Propeller  propulsive 

0273 

.83  ( 

efficiency  for  STGIND  * 

0274 

.8  \ 

4,  6  tabular  function 

0275 

.78  J 

'  of  Mach  number 

HELICOPTER  AERODYNAMICS 

INFORMATION 

SHEET 

(GW/Fe) 

0312 

1130 

Drag  trend  constants  de¬ 
rived  from  data  such  as 
illustrated  by  fig.  4-30 

KFED 

0313 

.555 

section  4-9 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

e 

0314 

0.75 

Wine  ’’span  loading" 
efficiency  factor 

TFEF 

0315 

1.0 

Tail  fin  aspect  ratio 
effectiveness  factor 
(nominally  =  1.0) 

*N 

0323 

.0 

Primary  nacelle  multi¬ 
plicative  drag  factor 

Kw 

0327 

1.02 

Wing  multiplicative 
drag  factor 

(Re/l)i 

0328 

1.464  (106) 

Mean  Reynolds  No. /ft 
based  on  primary  engine 
cruise  sizing  flight 
conditions 

C1 

-La 

0329 

6.28 

Wing  2-D  lift  curve 
slope 

No .  of  pairs 
in  CL-Cd  Table 

0330 

7. 

Number  of  pairs  input 
in  locations  0331-0346 

Clw(l) 

0331 

.0  -\ 

Wing  lift  coefficient 

Clw(2) 

0332 

.2  ) 

Clw(3 ) 

0333 

4  ( 

Clw(4 ) 

0334 

.6  \ 

Clw( 5 ) 

0335 

.8  \ 

Clw( 6 ) 

0336 

X* 

Clw( 7 ) 

0337 

1.4  ) 

Cdwi ( 1 ) 

0339 

.006  ^ 

Profile  drag  coefficient 

Cdwi ( 2 ) 

0340 

.0062  ) 

of  wing  at  Re=10/ 

Cdwi ( 3 ) 

0341 

.007  ( 

(based  on  wing  planform 

Cdwi(4) 

0342 

.008  f 

area) 

Cdwi ( 5 ) 

0343 

.0095  \ 

Cdwi ( 6 ) 

0344 

.012 

Cdwi ( 7 ) 

0345 

.02  J 

No.  of  C^/cr 

0347 

3. 

Specifies  number  of  C  /tr 
values  in  table  locations 
0349-0353 

No .  of  u 

0348 

3. 

Specifies  number  of 
values  in  table  locations 
0354-0360 

Values  of  Cv/o 

0349 

.0 

Rotor  propulsive  thrust 

X 

0350 

.5 

coefficient  divided  by 

0351 

1. 

main  rotor  solidity.  Used 
in  defining  rotor  limits 

Cy/O  *  THRUST  REQUIRED 

»mrvtip  °mr 
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VARIABLE 


Values  of 


ct/' 


LOCATION 

REMARKS 

0354 

.0  ? 

Rotor  forward  flight 

0355 

.5  t 

advance  ratio 

0356 

1*  ) 

w  *  VFPS 

VTIP 

0361 

i.  ? 

Values  of  C^/a  corres- 

0362 

i-  f 

ponding  to  tc„/g ) ,  loca¬ 
tion  0349  and  y  , ,  p  0 ,  and 

V 

0363 

) 

0368 

1-  7 

Values  of  c_/j  corres- 

0369 

!•  f 

ponding  to  tc„/a)_  location 

0370 

1*  ) 

0350  and  u  ^ '  y  2'  and  y  ^  * 

0375 

i.  } 

Values  of  C_/a  corres¬ 
ponding  to  \c„/a  ),  loca- 

0376 

1*  r 

0377 

) 

tion  0351  and  y  y 

and  u3 •  A  z 

HELICOPTER 

WEIGHT  INFORMATION 

SHEET 

w 

FE 

2602 

2200 

Weight  of  fixed  equipment 
in  lbs. 

WFUL 

2603 

450 

Weight  of  fixed  useful  • 
load  in  lbs. 

WPL 

2604 

2000 

Weight  of  payload  in  lbs. 

AW__ 

FC 

2605 

100 

Flight  controls  group 
incremental  weights  in  lbs. 

Awp 

2606 

.0 

Propulsion  group  incre¬ 
mental  weight  in  lbs. 

*«ST 

2607 

.0 

Structures  group  incre¬ 
mental  weight  in  lbs. 

RMX 

2608 

.0 

Wing  relief  as  percentage 
of  GW 

WI 

2609 

.0 

Weight  of  inboard  store 

W0 

2610 

.0 

Weight  of  outboard  store 

di 

2611 

.0 

Position  of  inboard  under¬ 
wing  store  (fraction  of  wing 
semi-span) 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

do 

2612 

.0 

Positon  of  outboard 
underwing  store  (fraction 
of  wing  semi-span). 

kcc 

2613 

25. 

Cockpit  controls  weight 
factor . 

kRL 

2614 

25. 

Main  rotor  controls 
weight  factor. 

ksc 

2615 

25. 

Main  rotor  system  controls 
weight  factor. 

JCFW 

2616 

.0 

Fixed  wing  controls. 

^TM 

2617 

.0 

Tilt  mechanism  weight 
factor. 

kSAS 

2618 

30. 

Stability  Augmentation 

System  (SAS)  weight  factor. 
Usually  in  the  range  of 

20-100  pounds. 

^CA 

2619 

.18 

Auxiliary  rotor  controls 
weight  factor. 

kSCA 

2620 

25. 

Auxiliary  rotor  system 
controls  weight  factor. 

2621 

.0 

Miscellaneous  controls 
weight  factor  in  CBS. 

s 

2622 

125. 

Body  group  weights  factor. 

AC.G. 

2623 

2.08 

Helicopter  eg  travel  (FT). 

*LG 

2624 

.04 

Landing  gear  weight  factor. 
Percentage  of  gross  weight. 

kMG 

2625 

.8 

Main  landing  gear  weight 
factor . 

kww 

2626 

.0 

Detailed  wing  weight  factor. 
This  adjusts  the  constant  220 

in  WN  »220(Je)  582  up  or 
downMdepending  on  the  com¬ 
plexity  of  the  control  sur¬ 
faces  . 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

«WRK8 

*F 

2627 

1. 

Wing  unload  factor.  Entered 
as  a  fraction  of  design 
gross  weight. 

Nfs 

2628 

.0 

Wing  stores  only  weight 
trend  factor. 

Kp 

2629 

2.06 

Wing  weight/area  factor 
(psf). 

2630 

2. 

Horizontal  tail  unit  weight 
in  PSF. 

kCLF 

2631 

24.1 

Crash  load  factor. 

^NAC 

2632 

1. 

Primary  cowling  weight 
factor  (PSF). 

kAIP 

2633 

.75 

Primary  air  induction  sys¬ 
tem  weight  factor. 

kHACA 

2634 

1. 

• 

Auxiliary  cowling  weight 
factor  (PSF). 

kAIA 

2635 

.75 

Auxiliary  air  induction 
system  weight  factor. 

Srs 

2626 

.0 

Nacelle  strut  weight 
factor. 

Srb 

2637 

44. 

Primary  rotor  blade 
weight  factor. 

kRBF 

2638 

2.2 

Rotor  type  factor;  hie  aim¬ 
less  for  this  example. 

kPH 

2639 

61. 

Primary  hub  weight  factor. 

kamd 

2640 

.286 

Main  rotor  weight  factor. 

^LFD 

2641 

1.15 

Blade  fold  weight  factor. 
Input  as  a  fractional  part 
of  the  total  rotor  weight. 

ktr 

2642 

14.2 

Tail  rotor  weight  factor. 

kAR 

2643 

14.2 

Auxiliary  rotor  weight 
factor.  This  is  the  average 
value  for  the  rotor  or  pro¬ 
peller  weight  (LB),  WR  ■ 

14.2  a  (k)*67. 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

*PA 

2644 

1. 

i 

Auxiliary  rotor  Multi¬ 
plicative  input  power, 
expressed  here  as  100% 
input  power. 

kVTAR 

2645 

1. 

Auxiliary  tail  rotor  multi¬ 
plicative  top  speed  factor 
here  as  100%  input  speed. 

kpDS 

2646 

25.0 

Primary  drive  system  weight 
factor . 

^PDS2 

2647 

3. 

Primary  drive  system  weight 
factpr.  Number  of  gears  in 
system. 

kTRDS 

2646 

250. 

Tail  rotor  drive  system 
weight  factor. 

kADS 

2649 

250. 

Auxiliary  drive  system 
weight  factor. 

kADS2 

2650 

1. 

Auxiliary  drive  system 
weight  factor  (number  of 
gears  in  system) . 

2651 

.11 

Fuel  system  weight  factor. 

*PEI 

2652 

.17 

Primary  engine  installa¬ 
tion  weight  factor. 

kA£I 

2653 

.17 

Auxiliary  engine  installa¬ 
tion  weight  factor. 

K1 

2654 

1. 

Main  rotor  controls  weight 
factor. 

*2 

2655 

1. 

Main  rotor  system  controls 
weight  multiplicative 
factor . 

*3 

2656 

1. 

Fixed  wing  controls  weight 
multiplicative  factor. 

K4 

2657 

1. 

Auxiliary  rotor  controls 
weight  multiplicative 
factor. 

*5 

2658 

1. 

Auxiliary  rotor  system  con( 
trols  weight  multiplica¬ 
tive  factor. 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

*6 

2659 

1. 

Body  weight  multiplicative 
factor. 

*7 

2660 

1. 

Landing  gear  weight  multi¬ 
plicative  factor. 

K8 

2661 

1. 

Wing  weight  multiplicative 
factor . 

K9 

2662 

1. 

Horizontal  tail  weight 
multiplicative  factor. 

K10 

2663 

1. 

Primary  nacelle  weight 
multiplicative  factor. 

K11 

2664 

1. 

Auxiliary  nacelle  weight 
multiplicative  factor. 

K12 

2665 

1. 

Primary  rotor  blade  weight 
multiplicative  factor. 

K13 

2666 

1. 

Primary  rotor  kit  weight 
multiplicative  factor. 

K14 

2667 

1. 

Tail  rotor  weight  multi¬ 
plicative  factor. 

K1S 

2668 

1. 

Auxiliary  rotor  weight 
multiplicative  factor. 

*16 

2669 

1. 

Primary  drive  aystem 
weight  multiplicative 
factor. 

K17 

2670 

1. 

Auxiliary  drive  system 
weight  multiplicative 
factor. 

*18 

2671 

1. 

Primary  engine  weight 
multiplicative  factor. 

*19 

2672 

1. 

Auxiliary  engine  weight 
multiplicative  factor. 

*20 

2673 

1. 

Tail  rotor  drive  system 
weight  multiplicative 
factor. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 
TAXI  INFORMATION 


ATMIND 

0401 

.0 

Standard  atmosphere. 

0411 

.0333 

Taxi  for  2  minutes. 

atin  (°F) 

0421 

.0 

• 

Increment  in  ambient 
temperature  for  primary 
engine  sizing  at  takeoff 
conditions . 

^I 

0431 

1.0 

Auxiliary  engine  fuel 
flow  multiplicative 
factor . 

TAKEOFF,  HOVER,  AND  LANDING  INFORMATION 

0441 

1.105 

NII 

Operating  point  for  engine 
power  turbine  during  taxi 

vT 

as  OPERATING 

"“max  V*  (  "«  j 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

TOLIND 

0461 

0462 

1.0 

1.0 

Specify  required  T/W  for 
hover  out-of-ground  of 
effect. 

ATMIND 

0481 

0482 

.0 

.0 

Standard  atmosphere. 

ATinCF) 

0501 

0502 

.0 

.0 

Increment  in  ambient 
temperature  for  primary 
engine  sizing  at  takeoff 
conditions . 

V  (FPM) 

0511 

0512 

.0 

.0 

Vertical  rate  of  climb. 

T/W 

0521 

0522 

1.06 

1.06 

Configuration  thrust/weight 
ratio  (hover). 

ATM(HR) 

0531 

0532 

.02 

.02 

Step  size  for  hover. 
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VARIABLE 


LOCATIOM  VALUE  ASSIGNED 


REMARKS 


N-./N-.MAX 

(PRIMaMAX) 


0541 

0542 


Operating  point  for  engine 
power  turbine  during  takeoff, 
hover  or  landing 


0551 

0.1 

Hover  for  16  minutes. 

0552 

0.2 

Hover  for  12  minutes. 

CLIMB  INFORMATION 

CLMIND 

0571 

0572 

1.0 

1.0 

Climb  at  maximum  rate 
of  climb  limited  by 

NRP  available. 

ATMIND 

0591 

0592 

.0 

.0 

Standard  atmosphere. 

CL 

0601 

0602 

0.3 

0.4 

wing  operating  C_  in 
climb. 

atin(°f) 

0611 

0612 

.0 

.0 

Incremental  temperature 
above  standard,  in  de¬ 
grees. 

Ah  (FT) 

0621 

0622 

500. 

500. 

Step  size  for  climb. 

POWIND 

0631 

0632 

2. 

2. 

Normal  engine  rating. 

h  MAX 

0641 

0642 

5000. 

3000. 

Maximum  altitude 
during  climb. 

N../N  MAX 
(PRIM  ENG) 

0651 

0652 

1.105 

1.105 

Specifies  operating 
point  for  engine  power 
turbine  at  design  climb 
conditions . 

^Fe^FT2) 

0661 

0662 

6. 

6. 

Increment  in  equivalent 
flat  plate  area  parasite 
drag  (climb  performance 
segment) . 

7-27 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

i 

N  /N  MAX 
(AUX  ERG) 

0671 

1.105 

\ 

Specifies  operating 

0672 

1.105 

point  for  engine  power 
turbine . 

“psdcl 

0681 

1.0 

One  primary  engine  shut 

0682 

1.0 

down  during  climb. 

taux/ttot 

0691 

0 

All  propulsive  thrust 

0692 

0 

provided  by  main  rotor 

NPSDi 

0701 

1.0 

Auxiliary  independent 

F5D1cl 

0702 

1.0 

engine  shut  down  during 
climb. 

CRUISE  INFORMATION 

CRSIND 

0721 

2.0 

Cruise  at  specified  TAS 

0722 

4.0 

Cruise  at  99  percent 

0723 

4.0 

best  range  speed. 

VIN 

0731 

170. 

True  airspeed  for  cruise 
during  cruise  segment  with 
CRSIND=2  (Kt) 

ATMIND 

0741 

.o  l 

Standard  Atmosphere. 

0742 

.0  ? 

0743 

.0  J 

SfING 

0751 

0752 

0.5  ? 

0.5  f 

Wing  operating  C_  in 
cruise . 

0753 

0.5  J 

atin(°f) 

0761 

.0  1 

Incremental  temperature 

0762 

.0  $ 

above  standard,  in  de¬ 

0763 

.0  J 

grees. 

AR(NM) 

0771 

15.  ? 

Step  size  for  cruise 

0772 

15  •  ( 

( nautical  miles ) . 

0773 

15.  J 

POWIND 

0781 

2. 

Normal  engine  rating. 

0782 

2. 

rmax 

0791 

60  ^ 

Values  of  range  at  end 

0792 

150  ( 

of  each  cruise. 

0793 

300  J 
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VARIABLE 


r 


LOCATION 


VALUE  ASSIGNED 


REMARKS 


Njj/NjjMAX 


0801 

0802 

0803 


1.105  y 
1.105  i 
1.105  ) 


Operating  point  of  primary 
engine  power  tubine  during 
cruise. 


4F*CR <Ft2) 


0811 

0812 

0813 


N  /N  MAX 
(AUX  ENG) 


0821 

0822 

0823 


N 


II 


N 


II 


MAX/  PRI 
CR 


3  ? 

j 


1.105 

1.105 

1.105 


Increment  in  equivalent 
flat  plate  area  parasite 
(cruise  performance  seg¬ 
ment  ) . 

Operating  point  for  auxi¬ 
liary  engine  power  tur¬ 
bine  cruise. 


N, 


PSD  CR 


0831 

0832 

0833 


.0 

.0 

.0 


1 


Number  of  primary  engines 
shut  down  during  cruise. 


TAUX^TOT 

0841 

0.55  7 

Propeller/main  rotor 

0842 

0.60  > 

propulsive  thrust  split 

0843 

0.70  J 

during  cruise  segments. 

HPSD  i  CR 

0851 

.o  l 

Number  of  auxiliary 

0852 

.0  * 

independent  engines  shut 

0853 

•  0  J 

down  during  cruise. 

LOITER  INFORMATION  STGIND*6 

ATMIND 

1031 

.0 

Standard  atmosphere. 

1032 

.0 

1041 

0.4 

Wing  opera  Mng  c_  in 

1042 

0.4 

loiter.  " 

ATtm(*F)  1051 

t  1N  1052 

[ 

i 


.0 

.0 


Incremental  tao$>arature 
above  standard,  in  de¬ 
grees. 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

TRANSFER  ALTITUDE  SHEET 

A  u 

PL 

1161 

-1000. 

Unload  1000  of  payload 
after  12  zainutee  of 
hovering. 

tyW  (HR) 

1171 

.01 

Incremental  time  for 
change  of  payload  weight. 

*VlNAL  (ft) 

1181 

1000. 

Final  altitude  for 
transfer  altitude  seg¬ 
ment  (SGT  IND*9). 

WGTIND 

1191 

1. 

No  restriction  on  aircraft 
weight  (will  only  apply 
when  running  performance). 

PRIMARY  ENGINE 

DATA 

WDTIND 

1201 

0. 

No  fuel  flow  cutoff. 

N1IND 

1202  * 

0. 

No  gas  generator  RPM 
limit. 

N19IND 

1203 

0. 

No  referred  gas  generator 
RPM  limit. 

N2IND 

1204 

2. 

Power  turbine  cutoff 

Non  optimum  ntt  varia¬ 
tion. 

QIND 

1205 

0. 

No  torque  limit  imposed. 

RNOIND 

1206 

0. 

No  Reynolds  Number  cor¬ 
rection. 

NjjMAX/Njj* 

1223 

.905 

Power  turbine  speed  limit 
ratio  of  maximum  power 
turbine  speed  to  power 
turbine  speed  at  maximum 
static  power,  sea  level. 
Standard. 

PRIMARY  ENGINE 

CYCLE  INFORMATION 

CYCLE  NO. 

1301 

1.761 

Engine  Cycle  Number. 

*3 

1302 

0.159 

Primary  engine  weights 
multiplicative  factor. 

*4 

1303 

0. 

Primary  engine  weights 
additional  factor. 
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VARIABLE 

ATl(HR) 


N  /N  MAX 
(PRIM  ENG) 


LOCATION  VALUE  ASSIGNED 


1061 

1062 

1071 

1072 


.05 

.05 

1. 105 
1.105 


REMARKS 

Step  size  for  loiter. 


Operating  point  for 
primary  engine  power 
turbine  during  loiter. 


*L 


N  /N_tMAX 
(AUX  ENG) 


NpsD  LOITER 


taux/ttot 


»PSD  i  L01TER 


AFe. 


1081 

1082 


1091 

1092 


=  1.105 


II 

II 


OPERATING 


N 


MAX/  LOITER 


IJMAx| 
MII*  / 


0.5 

0.25 


1.105 

1.105 


Loiter  for  30  minutes. 

Loiter  for  15  minutes 
for  reserve  fuel  pur¬ 
poses  . 

Operating  point  for 
auxiliary  power  turbine 
during  loiter. 


f 

V 

f!u 

s  T  si  105 

^OPERATING 

i^MA 

AUX  V  (N  ] 

S  LOITER  1  AMAX I 

\NII*  /AUX 

1101 

.0 

Number  of  primary 

1102 

.0 

engines  shut  down  dur¬ 
ing  loiter. 

1111  < 

0.35 

Propeller/main  rotor 

1112  1 

0.35 

propulsive  thrust  split 
in  loiter. 

1121 

.0 

Number  of  auxiliary 

1122 

.0 

independent  engines 
shut  down  during  loiter. 

1131 

.0 

Increment  in  equivalent 

1132 

.0 

flat  plate  area  paraaite 

drag  (loiter  performance 
segment) . 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


1304 

.032 

Primary  engine  dimmen- 

sional  factor. 

tgi<°r> 

1305 

950. 

Turbine  inlet  temperature 
ground  idle  power  setting 
in  degrees  Rankine. 

tfi<or) 

1306 

1100. 

Turbine  inlet  temperature, 
flight  idle  power  setting, 
in  degrees  Rankine. 

?np<°r> 

1307 

1856. 

Turbine  inlet  temperature 
normal  power  setting.  When 
this  power  setting  is  desired 
the  input  temperature  is 
referred  for  the  given  al¬ 
titude.  The  referred  tempera¬ 
ture,  T/e,  is  used  in  the 
table  look-up  for  referred 
power  fuel  flow,  gas  genera¬ 
tor  RPM  limit,  and  power 
turbine  speed. 

W°R> 

1308 

2000. 

Turbine  inlet  temperature, 
military  power  setting.  When 
this  power  setting  is  desired 
the  input  temperature  is  re¬ 
ferred  for  the  given  altitude. 
The  referred  temperature,  T/0, 
is  used  in  the  beforementioned 
table  look-ups. 

Tmax(°R) 

1309 

2000. 

Turbine  inlet  temperature. 

max 

maximum  power  setting.  When 
this  power  setting  is  desired 
the  input  temperature  is  re¬ 
ferred  for  the  given  altitude. 
The  referred  temperature,  T/0, 
is  used  in  the  beforementioned 
table  look-up. 

NO.  Of  T/0 

1310 

8. 

Number  of  referred  tempera¬ 
tures  in  locations  1311-1318. 

Values  of  T/9 

1311 

950. 

%  Values  of  referred  tempera- 

1312 

1200. 

J  ture  for  the  referred  thrust 

1313 

1400. 

f  or  horsepower  tables. 

1314 

1600. 

> 

1315 

1800. 

i 

1316 

2000. 

1317 

2200. 

1318 

2600.  j 

f 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


No.  of  M 


1319 


5. 


Number  of  Mach.  Numbers  in 
location  1320-1325. 


Values  of  M  1320 

1321 

1322 

1323 
132% 


0. 

.2 

.4 

.6 

.8 


Values  of  Mach.  Number  for  the 
referred  thrust  or  horse¬ 
power  table. 


Referred  thrust 
or  horsepower  table. 


1326 

.025  " 

|  Values  of  referred  thrust 

1327 

.0257  / 

'  or  horsepower  corresponding 

1328 

.0278  > 

to  T/9  location  1311  and  mach 

1329 

.0313  \ 

numbers  found  in  locations 

1330 

.0362  j 

1320-1324. 

1332 

.163  - 

\  Values  of  referred  thrust 

1333 

.1676  i 

/  or  horsepower  corresponding 

1334 

.1813  \ 

to  T/0  location  1312  and  mach 

1335 

.2041  \ 

numbers  found  in  locations 

1336 

.236  j 

1320-1324. 

1338 

.535 

1  Values  of  referred  thrust  or 

1339 

.3444 

horsepower  corresponding  to 

1340 

.3725  j 

T/e  location  1313  and  mach 

1341 

.4194  \ 

numbers  found  in  locations 

1342 

.4851  4 

1320-1324. 

1344 

.544 

; 

1  Values  of  referred  thrust  or 

1345 

.5592  , 

1  horsepower  corresponding  to 

1346 

.6049 

•  T/e  location  1314  and  mach 

1347 

1348 

.6811  \ 
.7877  j 

number  locations  1320-1324. 

1350 

.77 

j  Values  of  referred  thrust  or 

1351 

.7916  | 

horsepower  corresponding  to 

1352 

.8562  | 

►  T/0  location  1315  and  mach 

1353 

1354 

. 9640  \ 
1.115 

1  number  locations  1320-1324. 

1356 

1.0 

|  Values  of  referred  thrust  or 

1357 

1.028  i 

'  horsepower  corresponding  to 

1358 

1.112  j 

T/0  location  1316  and  mach 

1359 

1360 

1.252  1 

1.448  J 

number  locations  1320-1324. 

i 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


No  of  T/e 


Values  of  T/9 


No.  of  M 


Values  of  M 


1362 

1.2 

1363 

1.2336 

1364 

1.3344 

1365 

1.5024 

1366 

1.7376 

1368 

1.55 

1369 

1.5934 

1370 

1.7236 

1371 

1.9406 

1372 

1.2444 

1374 

8. 

1375 

950.  > 

1376 

1200.  ; 

1377 

1400.  ( 

1378 

1600.  > 

1379 

1800.  \ 

1380 

2000.  I 

1381 

2200.  ! 

1382 

2600.  J 

1383 

5. 

1384 

0.  *) 

1385 

.2  / 

1386 

.4  > 

1387 

.6  \ 

1388 

.8  ) 

Values  of  referred  thrust 
or  horsepower  corresponding 
to  T/e  location  1317  and 
mach  number  locations  1320- 
1324. 

Values  of  referred  thrust 
or  horsepower  corresponding 
to  T/e  location  1318  and 
mach  number  locations  1320- 
1324. 

Number  of  referred  tempera¬ 
tures  in  locations  1375-1382. 

Values  of  referred  tempera¬ 
ture  for  the  referred  fuel 
flow  table. 


Number  of  mach  numbers  in 
locations  1384-1389. 

Values  of  mach  numbers  for 
the  referred  fuel  flow  table. 


Referred  Fuel 
Flow  Table 


1390 

.065 

1391 

.0651 

1392 

0653 

1393 

.067 

1394 

.071 

1396 

.115 

1397 

.116 

1398 

.118 

1399 

.128 

1400 

.14 

Values  of  referred  fuel  flow 
corresponding  to  the  T/e 
location  1375  and  mach  numbers 
found  in  locations  1384-1388. 


Values  of  referred  fuel  flow 
corresponding  to  T/e  location 
1376  and  mach  numbers  found 
in  locations  1384-1388. 
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VARIABLE 


No .  of  T/9 
Values  of 

No.  of  M 

Values  of 


LOCATION  VALUE  ASSIGNED 


T/0 


M 


1402 

.18 

1403 

.181 

1404 

.19 

1405 

.208 

1406 

.227 

1408 

.26 

1409 

.261 

1410 

.273 

1411 

.295 

1412 

.325 

1414 

.342 

1415 

.347 

1416 

.362 

1417 

.389 

1418 

.425 

1420 

.425 

1421 

.435 

1422 

.451 

1423 

.486 

1424 

.517 

1426 

.5 

1427 

.511 

1428 

.53 

1429 

.56 

1430 

.61 

1432 

.626 

1433 

.631 

1434 

.66 

1435 

.718 

1436 

.78 

1438 

3. 

1439 

950. 

1440 

1600. 

1441 

2600. 

1447 

3. 

1448 

0. 

1449 

.4 

1450 

.8 

i 

I 


REMARKS 

Value  of  referred  fuel  flow 
corresponding  to  T/e  loca¬ 
tion  1377  and  mach  numbers 
found  in  locations  1384-1388. 


Values  of  referred  fuel 
flow  corresponding  to  T/e 
location  1378  and  mach  numbei 
found  in  locations  1384-1388 


Values  of  referred  fuel  flow 
corresponding  to  T/e  locatioi 
1379  and  mach  numbers  found 
in  locations  1384-1388. 


Values  of  referred  fuel 
flow  corresponding  to  T/e 
location  1380  and  mach  m 
bound  in  locations  1384-1388, 


Values  of  referred  fuel  flow] 
corresponding  to  T/e  loca¬ 
tion  1381  and  mach  numbers 
found  in  locations  1384-1388 J 


Values  of  referred  fuel  flow! 
corresponding  to  T/e  locatic 
1382  and  mach  numbers  found 
locations  1384-1388. 


Number  of  referred  temper at 
found  in  locations  1439-144C 

Values  of  referred  tempera! 
for  the  referred  gas  general 
RPM. 

Number  of  mach  numbers  in  1< 
tion  144-1453. 

Values  of  mach  number  for 
referred  gas  generator  RPM. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


Referred  Gas 
Generator  RPM 
table 


1454 

1455 

1456 


1460 

1461 

1462 


.82  7 

.84  f 

•»  ) 


Values  of  referred  gas  generator 
RPM  limit  corresponding  to 
T/9  location  1439  and  mach 
numbers  found  in  locations 
1448-1453 . 

Values  of  referred  gas 
generator  RPM  limit  corre¬ 
sponding  to  T/9.  location 
1440  and  mach  numbers  in 
locations  1448-1453. 


1466 

1467 


1.09  Values  of  refereed  gas 

1.118  generator  RPM  limit  corre- 

1441  and  mach  numbers  found 
in  locations  1448-1453. 


No.  of  T/9 


1502 


Number  of  referred  tempera¬ 
tures  in  locations  1510. 


Values  of  T/9 


No.  of  M 


1503 

1504 

1505 

1506 

1507 

1508 

1509 

1510 

1511 


950. 

1200. 

1400. 

1600 

1800. 

2000. 

2200. 

2600. 


Values  of  referred  tempera¬ 
ture  for  the  referred  power 
turbine  speed  limit  ratio. 


Number  of  mach  numbers  in 
locations  1512-1517. 


Values  of  M 


1512 

1513 

1514 


Values  of  mach  number  for 
the  referred  power  turbine 
speed  limit  ratio. 


Referred  Power 
Turbine  Limit  Table 

1518 

1519 

1520 

1521 

1522 

1524 

1525 

1526 

1527 

1528 


.26 

.256 

.271 

.28 

.29 

.52 

.527 

.54 

.56 

.59 


Values  of  referred  power 
turbine  speed  limit  corre¬ 
sponding  to  T/$  location 
1503  and  mach  numbers  found 
in  locations  1512-1517. 

Values  of  referred  power  tur¬ 
bine  speed  limit  corresponding 
to  location  1504  and  mach 
numbers  found  in  locations  i 
1512-1517.  ' 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


1530  .68  Values  of  referred  tur- 

1531  .69  /  bine  speed  limit:  corre- 

1532  .705  r  sponding  to  T/e  location 

1533  .73  V  1505  and  mach  numbers  found 

1534  .76  )  in  locations  1512-1517. 

1536  .82  >  Values  of  referred  power  tur- 

1537  .824  /  bine  speed  limit  corresponding 

1538  .84  >  to  T/g  location  1506  and  mach 

1539  .868  \  numbers  found  in  locations 

1540  .9  /  1512-1517. 

1542  .92  "\  Values  of  referred  power  tur-  i 

1543  .93  f  bine  speed  limit  corresponding 

1544  .95  >  to  T/g  location  1507  and  mach 

1545  .98  \  numbers  found  in  locations 

1546  1.02  J  1512-1517. 

1548  1.0  "'v  Values  of  referred  power  tur- 

1549  1.002  J  bine  speed  limit  corresponding 

1550  1.02  V  to  T/e  location  1508  and  mach 

1551  1.05  \  numbers  found  in  locations 

1552  1.09  j  1512-1517. 

1554  1.052  Values  of  referred  power  tur- 

1555  1.055  /  bine. speed  limit  corresponding 

>  1556  1.07  v  to  T/g  location  1509  and  machl 

1557  1.1  \  numbers  found  in  locations 

1558  1.131  J  1512-1517. 

1560  1.09  Values  of  referred  power  tur- 

1561  1.1  f  bine  speed  limit  correspondin 

1562  1.118  r  to  T/g  location  1510  and 

1563  1.135  \  mach  numbers  found  in  locatio 

1564  1.165  J  1512-1517. 

Since  this  example  utilized  an  auxiliary  engine,  the  auxiliary 
engine  cycle  input  locations  were  created  by  placing  a  66666  card 
in  front  and  behind  a  standard  engine  cycle.  The  66666  cards  added 
an  additional  1000  on  the  standard  engine  cycle  input  locations. 

This  is  shown  in  the  output  as  locations  2201  to  1564.  The  auxiliary 
engine  inputs  are  identical  to  the  primary  engine  inputs  for  this  1 
example.  The  auxiliary  engine  cycle  input  locations  are  not  listed  1 
in  order  to  avoid  redundancy.  | 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


SHORT  FORM  AERO  (MAIN)  ROTOR  CYCLE  INFORMATION 


Rotor 

Cycle  No. 

1601 

3. 

Input  rotor  cycle  num¬ 
ber. 

0 TWIST 

REF 

1602 

-9. 

1603 

.00995 

Baseline  rotor  hover 
profile  drag  coefficient. 

"h 

1604 

-.028 

Rotor  blade  hover  pro¬ 
file  drag  parameter. 

1605 

.262 

Rotor  blade  hover  com¬ 
pressibility  drag  para¬ 
meter. 

% 

1606 

.276 

Rotor  blade  hover  com¬ 
pressibility  drag  parameter. 

"*4 

1607 

2.54 

Rotor  blade  hover  drag 
divergence  mach  number  para¬ 
meter. 

Bo 

1608 

.865 

Baseline  rotor  hover  com¬ 
pressibility  drag  rise, 
left=0,  mach  number. 

1609 

.0105 

Baseline  rotor  cruise  profile 
drag  coefficient. 

s 

1610 

1611 

2.82 

.09 

Rotor  retreating  blade  stall 
profile  drag  parameter. 

Rotor  retreating  blade  stall 
profile  drag  parameter. 

KC 

C3 

Kc4 

1612 

1613 

1.17 

.00124 

Rotor  advancing  tip  mach 
number  compressibility 
drag  parameter. 

1614 

.758 

1615 

.743 

Baseline  rotor  advancing  tip 
compressiblity  drag  rise 
mach  number. 

No.  of 

CT 

1616 

10. 

Number  of  C's  input  in 
locations  1617-1626. 
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VARIABLE 

Values  of  C_ 
T 


Values  of 

■wA 


OPTIND 


LOCATION  VALUE  ASSIGNED 


REMARKS 


1617 

0. 

1618 

.004 

1619 

.007 

1620 

.009 

1621 

.01 

1622 

.011 

1623 

.0115 

1624 

.012 

1625 

.0155 

1626 

.022 

1627 

1.018 

1628 

1.085 

1629 

1.154 

1630 

1.233 

1631 

1.279 

1632 

1.314 

1633 

1.327 

1634 

1.337 

1635 

1.364 

1636 

1.397 

Values  of  propeller  thrust 
coefficient. 


Values  of  rotor  hover 
induced  power  factor. 


SAMPLE  CASE  NO  1.  RUN  2. 

0001  0  Size  for  weights  only,  • 

no  performance  mission. 
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The  design  mission  profile  is  illustrated  in  Figure  7-2. 

The  engine  and  rotor  cycles  sure  not  discussed  in  this  case. 
A  complete  copy  of  the  program  printout  follows  the  des¬ 
cription  of  the  input. 
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Figure  7-2.  Design  Mission  -  Sample  Case  No.  2 


SAMPLE  CASE  NO.  2 


GENERAL  INFORMATION  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1.0 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1.0 

Detailed  printout  de¬ 
sired 

DRGIND 

0003 

1.0 

Component  drag  build-up 
desired 

OSWIND 

0004 

'  0 

User  inputs  Oswald  ef¬ 
ficiency  factor 

CNFIND 

0005 

2.0 

Tandem  rotor  helicopter 

AUXIND 

0006 

2.0 

Winged  helicopter 

REMIND 

0007 

4.0 

Main  rotor  diameter 

sized  based  on  input 
disc  loading;  solidity 


sized  based  on  input 
Ct/ct 


FIXIND 

0008 

X..0 

Program  sizes  primary 
engines 

ROTIND 

0009 

1.0 

Short  form  rotor  per¬ 
formance  method  used 

SWIND 

0010 

3.0 

Wing  area  sized  by  ma¬ 
neuver  conditions 

bwIND 

0011 

2.0 

Wing  span  sized  by  in¬ 
put  aspect  ratio 

AIPIND 

0012 

1.0 

No  independent  aux. 
engines 

FDMIND 

0020 

2.0 

Tandem  rotor  fuselage 

sized  by  input  of  lc 
and  ( (0/L)/D) 


Aft  rotor  pylon  geom¬ 
etry  calculated  based 
on  input  rotor  gap/ 
stagger  ratio 


APHIND 


0021 


2.0 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

ESCIND 

0022 

ro 

• 

o 

Primary  engines  sized 
for  either  takeoff  or 
cruise 

WG0 

0023 

30000 

First  guess  at  design 
gross  weight 

ho 

0024 

0 

Start  “| 

altitude 

Normally 
k  0  except 

Ro 

0025 

0 

Starting  I 
range  1 

for 

partial 

mission 

to 

0026 

0 

Starting 
time  -o' 

analysis 

^OPT11® 

0027 

0 

Cruise  at 
altitudes 

specified 

%0 

0028 

0.32 

Maximum  operating  Mach 
number 

VMO 

0029 

200 

Maximum  operating  EAS 
knots 

VDIVE 

0030 

200 

Design  dive  speed, 
knots  EAS 

mlf 

0031 

3.0 

Maneuver  load  factor 

K1 

0032 

1.0 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel;  i.e.,  1.1  would 
give  10  percent  reserves 

6Wf 

0033 

0.0 

Fixed  fuel  increment  for 
reserves  or  other  use 

kff 

0034 

1.05 

Increase  basic  engine 

SFC  by  5  percent 

7-«9 


VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


SGTIND 

0035 

1.0 

Taxi 

0036 

2.0 

Takeoff 

0037 

3  .0 

Climb 

0038 

4.0 

Cruise 

0039 

9.0 

Transfer 

altitude 

0040 

0041 

0042 

0043 

60.0 

3.0 

4.0 

9.0 

Loiter  (re¬ 
serve  fuel) 

Climb 

Cruise 

Transfer 

altitude 

Sequence 
^  of 

Design 

Mission 

0044 

2.0 

Hover  and 
land 

0045 

100 

End  of  case^ 

HELICOPTER 

DIMENSIONAL 

INFORMATION 

SHEET 

AR 

0104 

6.0 

Wing  aspect  ratio  (in¬ 
put  because  b^IND  *  2 . 0) 

(t/c)R 

0105 

0.20 

Wing  root  thickness/ 
chord  ratio 

<t/c)T 

0106 

0.12 

Wing  tip  thickness/ 
chord  ratio 

Ac/4 

0107 

0 

Quarter-chord  mean  sweep 
angle,  degrees 

X 

0108 

0.5 

Wing  taper  ratio 

cF/c 

0109 

1.0 

Ratio  of  download  al¬ 
leviating  flap  chord  to 
wing  chord  (1.0  signi¬ 
fies  a  fully  tilting 
wing) 

VARIABLE 

LOC 

VALUE 

REMARKS 

h'/ly 

0110 

1.0 

Wing  located  at  top  of 
fuselage 

% 

0111 

1.2 

Wing  design  lift  coef¬ 
ficient 

AS  / 

■WET'  Sp 

0120 

.0 

Incremental  wetted  area 
of  airplane  ratioed  to 
fuselage  wetted  area. 

aswet 

0121 

.0 

Incremental  wetted  area 
of  aircraft  (ft2) 

0122 

7.0 

Fuselage  height 

WF 

0123 

6.5 

Fuselage  width 

(4/d)p 

0124 

0.70 

Fineness  ratio  of  nose 

(Vd)T 

0125 

1.2 

Fineness  ratio  of  tail 

*c 

0126 

35.0 

Constant  diameter  sec¬ 
tion  length 

*rw 

0127 

5.0 

• 

Length  of  ramp  well 

<<0/L)/D) 

0132 

0.22 

Tandem  rotor  overlap/ 
diameter  ratio 

21 

0142 

0.035 

22 

0143 

2.0  > 

Primary  engine 
nacelle  constants 

Z3 

0144 

0.078 J 

1  l 

AIP/  C 

0145 

.0 

Ratio  of  air  induction 
system  length  to  engine 
length  (primary  engines) 

(t/c)_ 

*F 

0152 

0.45 

Forward  rotor  pylon  root 
thickness/chord  ratio 

<t/c)_ 

Ap 

0153 

0.25 

Forward  rotor  pylon  tip 
thickness/chord  ratio 

aafp 

0154 

0.4 

Forward  rotor  pylon 
aspect  ratio 

afp 

0155 

0.7 

Forward  rotor  pylon 
taper  ratio 

7-71 


VARIABLE 


LOC 


VALUE 


REMARKS 


0156 

3.0 

Forward  rotor  pylon 
height 

(t/C). 

ra 

0157 

0.50 

Aft  rotor  pylon  root 
thickness/chord  ratio 

(t/c)- 

A 

0158 

0.30 

Aft  rotor  pylon  tip 
thickness/chord  ratio 

ARap 

0159 

0.7 

Aft  rotor  pylon  aspect 
ratio 

aap 

0160 

0.75 

Aft  rotor  pylon  taper 
ratio 

g/s 

0162 

0.16 

Tandem  rotor  gap/stagger 
ratio  (input  because 
APHIND  =2.0) 

MAIN  ROTOR 

DIMENSIONAL 

DATA  SHEET 

ROTOR 

CYCLE 

NO. 

0171 

3.0 

Rotor  blade  section 
aerodynamic  charac¬ 
teristics  selection 

mr 

0172 

2.0 

No.  of  rotors 

W/A 

0173 

8.0 

Disc  loading 

bMR 

0176 

4.0 

No.  of  blades/main 
rotor 

V 

0177 

-9.0 

Main  rotor  twist  (deg) 

X=MR 

0178 

0.2 

Main  rotor  blade  cutout 
as  a  fraction  of  radius 

*MR 

0179 

0.075 

Main  rotor  blade  attach¬ 
ment  point  as  a  fraction 
of  radius 

( 't/C )  ^  2  5R 

0180 

0.12 

Rotor  blade  thickness/ 
chord  at  25  percent 
radius 

7-72 


VARIABLE 

LOC 

VALUE 

REMARKS 

VTIP 

0181 

700 

Main  rotor  tip  speed 

«V*>H 

0182 

0.12 

Rotor  "lift  coefficient" 
for  hover  sizing  rotor 
solidity 

T/W 

0183 

1.08 

Rotor  design  thrust/ 
weight  ratio 

VKT(c) 

0184 

160  " 

Cruise  flight  con 

hc(c) 

0185 

4000 

*  ditions  for  sizing 

rotor  solidity 

aTin 

C 

0186 

0  - 

(Cl/a)CR 

0187 

0.095 

Rotor  "lift  coefficient" 
for  sizing  rotor  solid¬ 
ity  in  cruise  flight 

g  REQM'T 

0188 

2.0 

Total  g  requirement 
helicopter  must  satisfy 
at  Vkt(c) 

g( ROTOR) 

0189 

1.5 

Maneuver  g's  carried  by 
main  rotor  at  V^fc) 

N  (ROTOR 
LOADING) 

0190 

1.0 

Rotor  lift/GW  for  lg 
cruise  flight  rotor 
solidity  sizing 

VCEH1 

0191 

1.53 

7  Main  rotor  vertical 

V  rate-of- climb 

v 

CEH2 

0192 

0.0 

J  efficiency  factors 

PCLIMB 

0193 

0.85 

Helicopter  forward 
flight  climb  efficiency 

AF.M. 

0195 

.0 

Incremental  figure  of 
merit  added  to  results 

obtained  when  using 
"short  form  method" . 
Input  only  if  ROTIND  =  1 
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PRIMARY  ENGINE  SIZING  INFORMATION  SHEET 


VARIABLE 

LOC 

VALUE 

REMARKS 

PRIMARY 

ENGINE 

CYCLE  NO. 

0217 

1.761 

Engine  selection 

NP 

0219 

4.0 

No.  of  primary  engines 

XMSNIND 

0220 

2.0 

Drive  system  rated  at 
power  required  to  hover 
or  cruise  (more  critical 
of  the  two  conditions 
selected  by  program) 

shpmrx/shp*mr 

0221 

1.00 

Main  rotor  drive  system 
is  rated  at  100  percent 
of  main  rotor  design 
power 

0223 

0.97 

Transmission  efficiency 

ashpacc 

0224 

100 

Accessory  power  losses 

hro(H) 

0227 

4000 

Design  point  hover  al¬ 
titude  (engine  sizing) 

(T/W)d 

0228 

1.08 

Configuration  design 
point  hover  thrust/ 
weight  ratio 

Atinto<h> 

0229 

50.3 

Increment  in  ambient 
temperature  for  engine 
sizing  at  takeoff  condi¬ 
tions  . 

(Hll/HlI  ) 

“max  to 

0230 

1.105 

Main  rotor  operating  at 
100  percent  of  hover 

tip  speed  (700  fps);  i.e. 


’  NII 

**II 

MAX 

NII 

Nil* 

MAX. 

TO 

L 

(LOC  0230)  (LOC  1223)  (LOC  0181) 
=  1.105  (.905) (700) 

1.0 

=  700  1 
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VARIABLE 

LOC 

VALUE 

REMARKS 

NPsd 

0231 

1.0 

One  engine  inoperative  at  hover 
design  point  conditions 

SHPe/SHP* 

0232 

0.95 

Engines  sized  for  hover  (OGE) 
with  1  engine  out  and  the  remain' 
ing  engines  operating  at  95%  MRP 

<vr/c)d 

0233 

.0 

Design  vertical  rate  of 
climb  used  in  sizing 
primary  engines. 

POWIND 

0234 

2.0 

Maximum  engine  rating  for 
cruise  engine  sizing.  For 
this  example,  normal  rated 
power  is  the  maximum  rating 
to  be  used. 

hc 

0235 

3000 

Design  point  (cruise) 
altitude  (engine  sizing) 

VC 

0236 

155 

Design  point  cruise 
speed  (kts)  (engine  sizing) 

s 

0240 

0.45 

Wing  operating  lift  co¬ 
efficient  at  cruise 
condition  for  engine 
sizing 

<NP  > 

PSD  c 

0241 

0.0 

No.  of  primary  engines 
shut  down  during  cruise 
(for  engine  sizing) 

HELICOPTER 

AERODYNAMICS 

INFORMATION  SHEET 

CDAP 

0303 

.006 

AFT  rotor  pylon  profile  7 

drag  coefficient  at  Re  =  10 
(based  on  aft  pylon  plan- 
form  area) 

°dfp 

0305 

.15 

Forward  rotor  pylon  profile7 
drag  coefficient  at  Re  *  10 
(based  on  forward  pylon 
max  frontal  area) 

ScSMR 

0305 

.75 

Main  rotor  hub  center 
section  profile  drag  co¬ 
efficient  (based  on  center 
section  frontal  area) 

^SHMR 

0306 

1.4 

Main  rotor  hub  shank  pro¬ 
file  drag  coefficient 
(based  on  shank  frontal 
area) 

7-75 


VARIABLE 

LOC 

VALUE 

REMARKS 

% 

0309 

.0032  Profile  drag  coefficient 

of  primary-engine  nacelles 
at  Re  =  10 7  (based  on  wetted 
area  of  all  nacelles) 

e 

0314 

.75 

Span  loading  efficiency 
factor 

AFe  FT2 

kap 

0316 

0319 

5.5 

1.045 

Increment  in  equivalent 
flat  plate  area  parasite 
drag  of  fuesalage  (ft^) 

Aft  rotor  pylon  multi¬ 
plicative  drag  factor 

kfp 

0320 

1.25 

Forward  rotor  pylon  multi¬ 
plicative  drag  factor 

^IM 

0321 

1.3 

Main  rotor  hub/shank 
multiplicative  drag  factor 

Kn 

'  0323 

2.86 

Primary  nacelle  multi¬ 
plicative  drag  factor 

*p 

0326 

1.25 

Fuselage  multiplicative 
drag  factor 

“w 

0327 

1.54 

Wing  multiplicative  drag 
factor 

(Re/*)i 

0328 

.1544(107) 

Mean  Reynolds  number  per 
foot  for  mission 

cAorad-i 

0329 

6.28 

Two-dimensional  wing 
lift  coefficient  slope 

NO.  OF 

PAIRS  IN 
TABLE  CLW 

0330 

6.0 

Number  of  Crw  pairs  input 
in  location*w0331  -  0346 

*-f 

s 

o 

0331 

.0  ^ 

) 

0332 

.2  . 

/ 

0333 

.4  ( 

Wing  lift  coefficients 

> 

0334 

.6  f 

f 

0335 

.8  1 

Clw<6) 

0336 

.10 

A 
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VARIABLE 


LOC 

0339 


VALUE 


REMARKS 


CDWi ( 1 * 


CDWi<6> 


0340 

0341 

0342 

0343 

0344 


ROTOR  LIMITS  INFORMATION  SHEET 


Profile  drag  coefficient 
of  wing  at  Re  *  107 
(based  on  wing  planform 
area) 


NO.  OF 

0347 

3. 

Specifies  number  of  CX/a 

CX/c 

values  in  table  locations 
0349  -  0353 

NO.  OF 

V 

0348 

3. 

Specifies  number  of  y  values 
in  table  locations  0354  - 
0360 

VALUES 

OF 

0349 

0 

)  Rotor  propulsive  thrust 

CX/a 

0350 

.5 

'  coefficient  divided  by 

1  main  rotor  solidity. 

Used  in  defining  rotor 

0351 

1.0  < 

limits. 

CX/a  =  THRUST  REOUIRED 

PI  DMR2NrVtip2-’mr 

4 

VALUES 

OF  V 

0354 

.0 

\  Rotor  forward  flight 

/  advance  ratio 

0355 

•5  1 

r 

0356 

1. 

)  *  -  VFPS 

v 

VTIP 

VALUES 

OF 

0361 

1.  1 

Values  of  CT'/a  corres¬ 

CT’/o 

0362 

1 

ponding  to  (CX/a)1  location 
0349  and  v2>  tod  u3* 

0363 

1.  / 
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VARIABLE  LOC 

0368 
0369 
0370 
0375 
0376 
0377 


HELICOPTER  WEIGHT  INFORMATION  SHEET 


W_ 

FE 

2602 

3000 

Weight  of  fixed  equipment 
in  LBS 

W 

FUL 

2603 

600 

Weight  of  fixed  useful  load 
in  LBS 

WPL 

2604 

5000 

Weight  of  payload  in  LBS 

awfc 

2605 

.0 

Flight  controls  group  in¬ 
cremental  weights  in  LBS. 

AWP 

2606 

.0 

Propulsion  group  incremental 
weight  in  LBS 

awst 

2607 

.0 

Structures  group  incremental 
weight  in  LBS 

RMX 

2608 

.0 

Wing  relief  as  percentage 

Of  GW 

Wi 

2609 

.0 

Weight  of  inboard  store 

Wo 

2610 

.0 

Weight  of  outboard  store 

di 

2611 

.0 

Position  of  inboard  under¬ 
wing  store  (fraction  of  wing 
semi-span) 

do 

2612 

.0 

Position  of  outboard  under¬ 
wing  store  (fraction  of 
wing  serai -span) 

Kcc 

2613 

26. 

Cockpit  controls  weight  factor 

“rC 

2614 

18. 

Main  rotor  controls  weight 
factor 

VALUE 

REMARKS 

"  ? 

Values  of  CT'/o  corresponding 
to  (CX/a  )_  location  0350  and 

w1,  u2,  and  w3* 

1.  ) 

l’  I 

Values  of  CT'/<J  corresponding 
to  (CX/a  )>  location  0351  and 

l- 

v2,  ana  u3. 

1.  J 
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VARIABLE 

LOC 

VALUE 

REMARKS 

KSC 

2615 

42. 

Main  rotor  system  controls 
weight  factor 

kfw 

2616 

.0 

Fixed  wing  controls 

Sm 

2617 

.0 

Tilt  mechanism  weight  factor 

ksas 

2618 

100. 

Stability  Augmentation  System 
(SAS)  weight  factor.  Usually 
in  the  range  of  20-100  pounds. 

^RCA 

2619 

.0 

Auxiliary  rotor  controls 
weight  factor 

ksca 

2620 

.0 

Auxiliary  rotor  systems 
controls  weight  factor 

*mc 

2621 

.0 

Miscellaneous  controls 
weight  factor  in  LBS 

*B 

2622 

125. 

Body  group  weights  factor 

Acg 

2623 

3. 

Helicopter  eg  travel  (FT) 

*LG 

2624 

.04 

Landing  gear  weight  factor 
input  as  percentage  of 
gross  weight 

*MG 

2625 

.8 

Main  landing  gear  weight 
factor 

*WW 

2626 

.0 

Detailed  wing  weight  factor. 
This  adjusts  the  constant  220 

in  W  *  220(k)0*585  up  or  down 
depending  on  the  complexity  of 
the  control  surfaces 

LF 

2627 

1. 

wing  unload  factor.  Entered 
as  a  fraction  of  design  gross 
weight 

*WS 

2628 

.0 

wing  stores  only  weight  trend 
factor 

2629 

2.06 

wing  weight/area  factor  (psf) 

«*r 

2630 

.0 

Horizontal  tail  unit  weight 
in  psf 

KCLF 

2631 

.0 

Crash  load  factor 
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VARIABLE 

LOC 

VALUE 

REMARKS 

*WAC 

2632 

.0 

Primary  cowling  weight 
factor  (psf) 

kaip 

2633 

120. 

Primary  air  induction 
system  weight  factor 

^ACA 

2634 

.0 

Auxiliary  cowling  weight 
factor  (psf) 

kaia 

2635 

.0 

Auxiliary  air  induction 
system  weight  factor 

“nS 

2636 

.0 

Nacelle  strut  weight  factor 

^rb 

2637 

44. 

Primary  rotor  blade  weight 
factor 

HrBF 

2638 

1. 

Rotor  type  factor;  hingeless 
for  this  example 

“ph 

2639 

61. 

Primary  hub  weight  factor 

K.,_ 

AND 

2640 

1. 

Main  rotor  weight  factor 

^LFD 

2641 

1.25 

Blade  fold  weight  factor. 
Input  as  a  fractional  part 
of  the  total  rotor  weight 

ktr 

2642 

.0 

Tail  rotor  weight  factor 

kar 

2643 

.0 

Auxiliary  rotor  weight  factor 
This  is  the  average  value  for 
the  rotor  or  propeller  weight 

(LB).  WR  *  I4.2a(k) *67 

*pa 

2644 

.0 

Auxiliary  rotor  multipli¬ 
cative  input  power,  expressed 
here  as  0%  input  power 

kvtar 

2645 

.0 

Auxiliary  tail  rotor  multi¬ 
plicative  tip  speed  factor 
expressed  here  as  0% 
input  speed 

^PDS 

2646 

.19 

Primary  drive  system  weight 
factor 

Sdsz 

2647 

4. 

Primary  drive  system  weight 
factor.  Number  of  gears  in 

system 

ktrds 


2648 


0 


Tail  rotor  drive  system 
weight  factor 


VARIABLE 

LOC 

VALUE 

REMARKS 

kads 

2649 

.0 

Auxiliary  drive  system 
weight  factor 

kadsz 

2650 

.0 

Auxiliary  drive  system 
weight  factor  (number  of 
gears  in  system) 

2651 

.19 

Fuel  system  weight  factor 

*PEI 

2652 

200. 

Primary  engine  installation 
weight  factor 

kaei 

2653 

.0 

Auxiliary  engine  installation 
weight  factor 

K1 

2654 

1. 

Main  rotor  controls  weight 
factor 

K2 

2655 

1. 

Main  rotor  system  controls 
weight  multiplicative  factor 

K3 

2656 

1. 

Fixed  wings  controls  weight 
multiplicative  factor 

K4 

2657 

1. 

Auxiliary  rotor  controls 
weight  multiplicative  factor 

0 

k5 

2656 

1. 

Auxiliary  rotor  system  con¬ 
trols  weight  multiplicative 
factor 

K6 

2659 

1. 

Body  weight  multiplicative 
factor 

*7 

2660 

1. 

Landing  gear  weight  multi¬ 
plicative  factor 

K8 

2661 

1. 

Wing  weight  multiplicative 
factor 

K9 

2662 

1. 

Horizontal  tail  weight 
multiplicative  factor 

*10 

2663 

1. 

Primary  nacelle  weight 
multiplicative  factor 

*11 

2664 

1. 

Auxiliary  nacelle  weight 
multiplicative  factor 

*12 

2665 

1. 

Primary  rotor  blade  weight 
multiplicative  factor 

7-81 


K13 

2666 

1. 

Primary  rotor  hub  weight 
multiplicative  factor 

K14 

2667 

1. 

Tail  rotor  weight  multi¬ 
plicative  factor 

*15 

2668 

1. 

Auxiliary  rotor  weight 
multiplicative  factor 

K16 

2669 

1. 

Primary  drive  system 
weight  multiplicative 
factor 

K17 

2670 

1. 

Auxiliary  drive  system 
weight  multiplicative 
factor 

K18 

2671 

1. 

Primary  engine  weight 
multiplicative  factor 

*19 

2672 

1. 

Auxiliary  engine  weight 
multiplicative  factor 

*20 

2673 

1. 

Tail  rotor  drive  system 
weight  multiplicative 
factor 

TAXI  INFORMATION  SHEET 

ATMIND 

0401 

.0 

Standard  atmosphere 
selected 

*T 

0411 

0.0333 

Taxi  for  2  minutes 

*tinto<#f> 

0421 

.0 

Increment  in  ambient 
temperature  for  primary 
engine  sizing  at  takeoff 
conditions 

*FX 

0431 

.0 

Auxiliary  independent 
engines  fuel  flow  multi¬ 
plicative  factor  (used  in 
TAXI) 

(M  /N  ) 

11  MAX 

0441 

1.105 

Operating  point  for  engine 
power  turbine  during  TAXI 

(PRIM  ENG) 
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VARIABLE 

LOC 

VALUE 

REMARKS 

TAKEOFF,  HOVER, 

AND 

LANDING  INFORMATION  SHEET 

TOLIND 

0461 

1.0  7 

Specify  required  T/W 
for  hover  out  of  ground 

0462 

1.0  ) 

effect 

ATMIND 

0481 

•°  ? 

Standard  atmosphere 

ATMIND 

0482 

.0  ) 

at1n  (#F) 

0501 

•#  j 

Incremental  temperature 
above  standard,  in 

atin  CF) 

0502 

.0  J 

degrees 

VR/C 

0511 

0  ft/min  vertical  rate 
of  climb  capability 

VR/C 

0512 

.0  J 

desired 

T/W 

0521 

1.08  7 

Hover  thrust/weight 
ratio  specified 

T/W 

0522 

.1.08  J 

At  (HR) 

0531 

.01  7 

Time  increments  for 

H 

( 

takeoff,  hover  or  landing 

AtH(HR) 

0532 

.01  y 

computations  in  hours 

■xi/»n 
“  MAX 

0541 

1.105  S 

Operating  point  for 
engine  power  turbine 

PRIMARY 

( 

during  takeoff,  hover 

ENGINE 

V 

or  landing 

Nji/Nn 

0542 

1.105  J 

MAX 


CLIMB  INFORMATION  SHEET 

CLMIND  0571  1.0  Cliab  at  maximum  rate 

of  cliab 


0572  4.0  Cliab  at  constant  TAS 
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VARIABLE 


LOC 


VALUE 


REMARKS 


MACH2nd 

0582 

120.0 

Mach  number  required 
during  climb 

ATMIND 

0591 

•°  ? 

Standard  atmosphere 

ATMIND 

0592 

.0  ) 

SflNG 

0601 

0.4  1 

Wing  operating  Cr  in 
climb 

0602 

0.5  J 

atin  CF) 

0611 

•°  ? 

Incremental  temperature 
above  standard,  in 

&tin  (°F) 

0612 

.o  } 

degrees 

Ah  (FT) 

0621 

500.  } 

Altitude  increments 
for  climb  calculations 

0622 

500.  3 

POWIND 

0631 

2.0  } 

Climb  at  normal  engine 
power 

POWIND 

0632 

2.0  ) 

w  <*■*> 

0641 

5000.  ^ 

Final  altitudes  for 
climb 

W  <”) 

0642 

3000.  J 

Nji/N 

MAX 

0651 

1.015  ) 

This  location  specifies 
the  operating  point  for 

PRIMARY  ENG 

0652 

1.015  ) 

engine  power  turbine 
at  design  climb  conditions 

AFeCL  (FT2) 

0661 

.o  p 

Increment  in  equivalent 

0662 

.0  j 

flat  plate  area  parasite 
drag  (climb  performance 
segment) 

NP 

sdcl 

0681 

2.0  2 

Shut  down  two  of  the 
primary  engines  in 

0682 

2.0  J 

climb 

NPSD  iCL 

0701 

°  i 

Number  of  auxiliary  in¬ 
dependent  engines  shut 

NPSD  iCL 

0702 

.o  ; 

down  during  climb 

CRUISE  INFORMATION  SHEET 

CRSIND 

0721 

1.0 

Cruise  at  specified 
power  setting 

0722 

4.0 

Cruise  at  99  percent 
beat  range  speed 
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VARIABLE 

LOC 

VALUE 

REMARKS 

VlN2o<S 

0732 

25.0 

True  air  speed  for  cruise 
during  cruise  segment 
with  CRSIND  =  2 ( kts ) 

ATMIND 

0741 

.0  | 

Standard  atmosphere 

ATMIND 

0742 

.0  ' 

SjING 

0751 

0.4  ^ 

Wing  operating  C  in 
cruise 

0752 

0.45  ) 

atin  CF) 

0761 

Incremental  temperature 
above  standard  in 

atin  rF) 

0762 

.0  ) 

degrees 

AR(NM) 

0771 

20.0  2 

Step  size  for  cruise 
(nautical  miles) 

0772 

20.0  ) 

POWIND 

0781 

2.0 

Cruise  at  NRP  for  first 
cruise  segment 

rwax 

0791 

80  2 

Values  of  range  at  end 

0792 

180  / 

of  each  cruise 

*  WAX 

0801 

1.105  ^ 

Specifies  the  operating 
point  for  engine  power 

(PRIMARY 

\ 

turbine  at  design  cruise 

ENG) 

0802 

1.105  / 

conditions 

4,*CR(Ft2> 

0811 

°  \ 

Increment  in  equivalent 
flat  plate  area  parasite 

0812 

.o  ) 

(cruise  performance  seg¬ 
ment) 

PSDca 

0831 

Number  of  primary  engines 

0832 

.0  \ 

shut  down  during  cruise 

LOITER  INFORMATION  SHEET 

ATMIND 

1031 

.0 

Standard  atmosphere 

CLW 

1041 

.4 

Wing  operating  CT  in 
loiter 

atin  (°F) 

1051 

.0 

Incremental  temperature 
above  standard,  in  degrees 

ATl  (HR) 

1061 

.05 

Step  size  for  loiter 

7-85 


VARIABLE 

LOC 

VALUE 

REMARKS 

Nii/N 

11  aaMAX 
(PRIMARY 

ENG) 

1071 

1.105 

Specifies  the  operating 
point  for  engine  power 
turbine  at  design  loiter 
condi tons 

*L 

1081 

.5 

Incremental  time  for  loiter 

PSDLOITER 

1101 

.0 

Number  of  primary  engines 
shut  down  during  loiter 

AFeL 

1131 

.0 

Increment  in  equivalent 
flat  plate  area  parasite 
drag  (loiter  performance 
sector) 

TRANSFER 

ALTITUDE 

1181 

1000. 

Transfer  altitude 

ENGINE  CYCLE 

DATA;  NON-STANDARD 

PERFORMANCE 

VARIABLE 

LOC 

VALUE 

REMARKS 

WDTIND 

1201 

.0 

No  fuel  flow  cutoffs 

N1IND 

1202 

.0 

No  Nj  cutoffs 

N10ND 

1203 

.0 

No  referred  Nj  cutoff 

N2IND 

1204 

2. 

Free  turbine  engine  to 
be  simulated 

°IND 

1205 

.0 

No  torque  limit 

RNOIND 

1206 

.0 

No  Reynolds 

No. corrections 

1  MAX  11 

1  1223 

.905 

Value  for  Njj  cutoff 
referred  to  Njj* 

SAMPLE  CASE  NO  2.  RUN  2. 

VARIABLE 

LOC 

VALUE 

REMARKS 

OPTIONAL 

PRINT 

2 

.0 

Standard  print,  no 
details 
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SAMPLE  CASE  NO*  2  RUN  2 


I 

4 


HELICOPTER  SHIM  •  PERFORMANCE  COMPUTER  PROSRAM  6-91 


CRUISE  AT  NORMAL  ERG  INC  RATING 


7-114 


*  ♦  ♦  ♦ 


c  Kt  in  n  i(>  nu>  <o  it> 

o  aeoooeaoooso 

M  •••••*•••••• 

tn  •©•ooooooooo 


«M|  *4  *4  ^ 

|A«*4M 

OP** 


'S*  J 

aad0OOO<3OOBi9 
y  000400000000 


r*  m  *  o 

•  •  •  • 


a,  oooiortNftiWH^H^ 
X  00400X904000 

flD  r*  Ot  (V-(V  <MWCV««NWftl 


•  •  •  • 

0004 


0  00  9 

K  *-  i*  i*. 

«  "i  w  n 
•  •  •  • 


•sm 

0900 


if)  O  A  N 


♦  *  ♦  9> 
•  •  •  • 
omo  m 


4  4  0  0  9  inAin  inv)  m  ip 

'6<£'4'04>'4*'94O>'0<4 

X  SO  so  <9  4  >0  <0  *  *  *  'O  *  * 

(L  •••••••••••• 

OOOOOOO0O01  9 


0  x  000400000000 

304  000000000004 

a  )•  m  OOOQOOOOOOOO 

?  *  AAAAAAAAAAAA 


J  %«0I*)N^OO^0^44 

Sdg3333222223333 

OP«J-J-t*4At-t*4*4*t*t******** 


•  oo  ogi0  000^^n^ 

X  •  u. 

H  (A  Z  4T0#0#O0##OOO 

ciy  •«••••• 

a  y  a  oooooooooooo 


•«  <9  a  a.a.a.CLa.a.o-a.a-0-a.a- 

««e 


<V  ^  ®  **  ^  *1  *J 

•  K  CO  Q.  WNWW<M7f  HfOOO 

(0  f-f*x^wo*wcM<vj<>*<>iri0icjojo< 

<*  «3U*«OiflOO0iOOiOiP0O 

x  a.  •- A-  *m*0*,*  -*  **-**>• 


<0  •  ~  o  O 


0004  lat-t-o 

0000  «  J  U.O 

^  H  •«  0»  «  «* 


ao  o  a  o  o  e  e  o  o  o  o  o 
^•••••••••••* 

4HOOOOO00OO0OO 
<  tt 


•  J  a  ani*  5  •  •«•••••••••• 

goes  (  iMia  •  VI  i«ra«*  •  «o  a«oeo 

0  4  0  0  S  W  W  I*1)  «0  WH  )• 

m  0  pA  M  *4  (30  Of  N  4t  «l  a 

wiwiwtwt  %  II  a.*~ 


M  w  a  A  Ik  A  X  •  A  «  IB  W  ■!  *•»  W  w  » —  w*  *r 

®tl2  A  I  «  y  4  W00NWNNN00040 

M  NM  M  JO  40  O  0  A0WOWWNONNNNWN 

«***«*<*  SyOKh  WJN40NNNWWOW4O 

S« Jy0  P  > • 

ik3*oo  i 

2  “*  ^ONOOOOftl#  i9  p  0t  U( 

2222  uj  ••  o  JO0o««ooo»*0O0yy  ***  * 

522-  o  «•"  u3»f-»-c'i* •'“siss  , , 

4M  m  mi  m  9  y  0  0  0  #  90  J  «4  At  01  CM  IM  51 SJ  5J  5  2  5  2  j| ) 

it  mn  n  *  SxPOO  0  i^5«M0>0>it>0>*OfO0>0|iOiOiOiO  03 

•*  «  ••  •  w  5 ‘ 

»-«*•*«<•*  2S 

sssz  Z  K ~  S  ••••••••••••  ~ ' 

yltftttltttjt* 

0109000000000° 

s ••«•»• • • • •• • • 


----  ft  wSj:;-  s 

5  ss*’.’0.  3 

at  ►  «y  y  ti 

»  ** 

*  «0  9ft  * 

•  •  •  o 


yffOOtOOOOOOf 

yoftoywnoAOhOoo 

tgWOOOOOOOO^O* 

SI  •#•••••••••• 


7-ll» 


CMO  Of  SUCCESSFUL  CSSE 


The  design  mission  profile  is  illustrated  in  Figure  7-3. 

The  engine  and  rotor  cycles  are  not  discussed  in  this  case. 
A  complete  copy  of  the  program  printout  follows  the 
description  of  the  input. 


cruise  9  180 kts 
9  5000ft  to  75nai 
range. 


Reserve  -  10%  initial  fuel 


Climb  9  max 
R/C  to  5000 
ft  9  mil  pwr 


Transfer  altitude 
to  2000  ft. 

/ 

Cruise  9  NR P 
9  2000ft  to  150 
nmi  range 


Cruise  9  speed  for 
991  best  range  9 
3000ft  to  300nmi  range 


Climb  to  3000ft 
9  MIL  pwr  9 
MAX  R/C 


Transfer 
altitude  to 
.sea  level, std 


Takeoff  9  S.L. ,90°F 
9  MIL  pwr  fi  SOOft/ain 
Vertical  R/C  capability 
(2  minutes) 


Loiter  for  30  min. 
9  1000ft. 

Transfer  Altitude7 
to  sea  level 


Hover  for  15  min  9 
T/W  -  1.06, with  500f t/min 
Vertical  R/c  capability 
9  sea  level, 90°7 


land  for  2  man 
9  T/W-1.06  with 
500 f t/min  Vertical 
R/c  capability  g 
sea  level, std. 


'300  NAUTICAL  MILES  - 


Figure  7-3.  Design  Mission  -  Sample  Case  No.  3 
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AD- All 3  037  BOEING  VERTOL  CO  PHILADELPHIA  PA  F/G  9/2 

hescomp.  the  helicopter  sizing  and  performance  computer  PROGRAM— ETC (U) 
OCT  79  s  J  DAVIS.  H  ROSENSTE IN »  K  A  STANZIONE  N62269-79-C-021? 
UNCLASSIFIED  D210-10699-2-REV-2.  NADC-78265-60  NL  ' 


SAMPLE  CASE  NO.  3 


GENERAL  INFORMATION 

SHEET 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1.0 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1.0 

Detailed  printout  desired 

DRGIND 

0003 

2.0 

GW/Fe  drag  trend  utilized 

CNFIND 

0005 

1.0 

Single  rotor  helicopter 
desired 

AUXINO 

0006 

3.0 

Compound  helicopter  with 
auxiliary  propulsion  only1* 

RDMIND 

0007 

2.0 

Main  rotor  diameter  based 
on  input  disc  loading. 
Solidity  fixed  by  input. 

FIXIND 

0008 

1.0 

Program  sizes  primary 
engines 

ROTIND 

0009 

4.0 

Rotor  figure  of  merit  and 
cruise  L/De  maps  are  input 

aipind 

0012 

1.0 

No  independent  auxiliary 
engines.  Auxiliary  fans 
are  driven  through  gear 
boxes  by  primary  engines. 

TRDIND 

0015 

0.0 

No  antitorque  tail  rotor 
on  this  design 

HTIND 

0018 

2.0 

Horizontal  tail  volume 
coefficient  input 

MRPIND 

0019 

0.0 

Main  rotor  position  on 
fuselage  input  by  user 

ESCIND 

0022 

2.0 

Primary  engines  are  sized 
for  either  takeoff  or 
cruise 

WG0 

0023 

30000 

First  guess  at  design 
gross  weight 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

ho 

0024 

0.0 

Ro 

0025 

0.0 

fco 

0026 

0.0 

"OTTlKD 

0027 

0.0 

mmo 

0028 

.443 

vMo 

0029 

-260 

VDIVE 

0030 

312 

mlf 

0031 

3.0 

*1 

0032 

1.111 

dwf 

0033 

0.0 

Kpp 

0034 

1.05 

SGTIND 

0035 

2.0 

0036 

3.0 

0037 

4.0 

0038 

9.0 

0039 

4.0 

0040 

9.0 

0041 

6.0 

0042 

9.0 

REMARKS 

Initial  altitude  Normally 

0.0 

Initial  range  1  except 

for 

Starting  time  /  mission 

analysis 


Cruise  at  specified 
altitude 

Maximum  operating  Mach 
number 

Maximum  operating  equiva¬ 
lent  airspeed  knots 

Dive  speed  -  approximately 
equal  to  1.2  x  VMo  in 
knots 

Maneuver  load  factor 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel.  1.111  results  in  10% 
of  initial  fuel  for  reserve 

Fixed  fuel  increment  for 
reserves  or  other  use. 

Increase  basic  engine  SFC 
by  5  percent 

Takeoff  ^ 


Climb 


Cruise 


Sequence 


Transfer  altitude 
Cruise  ! 


Transfer  altitude 


design 

mission 


Loiter 


Transfer  altitude' 
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VARIABLE 

LOCATION  VALUE  ASSIGNED 

REMARKS 

SGTIND 

0043 

2.0 

Hover 

0044 

3.0 

Climb 

Sequence 

0045 

4.0' 

Cruise 

of 

L 

0046 

9.0 

Transfer  altitude  | 

f  design 

0047 

2.0 

Land 

mission 

0048 

100.0 

End  of  Case  j 

Helicopter  Dimensional 

Information  Sheet 

ARht 

0112 

5.50 

Horizontal  tail  aspect 
ratio 

l ' 

TH 

0113 

.775 

Ratio  of  horizontal  tail 
moment  arm  to  main  rotor 
radius 

(t/ c)  ht 

0114 

.150 

Horizontal  tail  thickness/ 
chord  ratio 

VH 

0115 

.020 

Horizontal  tail  volume 
coefficient  referred  to 
main  rotor  diameter  and 
tail  arm. 

XH 

0116 

.660 

Horizontal  tail  taper 
ratio 

ASwEf/Sp 

0120 

0.0 

Fuselage  wetted  area 
ratio 

aswt 

0121 

0.0 

Incremental  fuselage 
wetted  area 

hp 

0122 

8.2.? 

Fuselage  height 

wp 

0123 

6  . 

Fuselage  width 

(Vd)p 

0124 

1.12 

Fineness  ratio  of 

nose 

U/d)T 

0125 

0.688 

Fineness  ratio  of  tail 

Ac 

0126 

20.3 

Constant  diameter  section 
length 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

0127 

0.0 

Length  of  ramp  well 

(V4*) 

0128 

.40 

* 

Main  rotor  position 
aft  of  the  nose  as 
a  fraction  of  mein 
fuselage  length 

(tTB/dra) 

0129 

2.28 

Fineness  ratio  of 
tail  boom 

< 

0130 

0.205 

Ratio  of  average 
tail  boom  tip 
diameter  to  average 
tail  boom  diameter 

arvt 

0135 

1.5 

Vertical  tail' 
aspect  ratio 

X 

VT 

0136 

0.50 

Vertical  tail 
taper  ratio 

0137 

.15 

Thickness/chord 
ratio  of  vertical 
tail 

Kz 

0139 

6.7 

Vertical  position 
of  the  tail  rotor 
center  (relative 
to  the  vertical  fin 
root  chord)  as  a 
fraction  of  tail 
rotor  radius, 
when  TRDIND*0, 

(as  in  this  example) 
vertical  tail  span 
is  input  into  this 
location. 

nl 
n  _ 

0142 

°'  ? 

Primary  engine 
nacelle  con- 

2 

0143 

st ants 

n3 

0144 

°‘  ) 

Ratio  of  air 

<W=> 

0145 

0. 

induction  system 
length  to  primary 
engine  length 

i 


* 
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VARIABLE 


LOCATION 


VALUE  ASSIGNED  REMARKS 


n4 

n 

0146 

0.  ^ 
t 

|  Auxiliary  inde- 

1  pendent  engine 

n5 

0147 

°* 

nacelle  constants 

n6 

0148 

0.  J 

1 

( *aia/*ea) 

0149 

0. 

Ratio  of  air 
induction  system 
length  to 
auxiliary  engine 
length 

As/Sstr 

0150 

0. 

Ratio  of  incre¬ 
mental  auxiliary 
independent  engine 
nacelle  strut 
planform  area  to 
auxiliary  inde¬ 
pendent  engine 
nacelle  strut 
planform  area 

bNS/dNI 

0151 

0. 

Ratio  of  auxiliary 
independent  engine 
nacelle  strut 
span  to  nacelle 
diameter 

(t/c)RF 

0152 

.800 

Main  rotor  pylon 
root  thickness/ 
chord  ratio 

(VOtf 

0153 

.600 

Main  rotor 
pylon  tip 
thickness/chord 
ratio 

arfp 

0154 

.210 

Main  rotor  pylon 
aspect  ratio 

XFP 

0155 

.75 

Forward  rotor 
pylon  taper 
ratio 

hpl 

0156 

3.58 

Main  rotor 
pylon  height. 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

Rotor  Dimensional  Data 

for  Sizing  Main  Rotor 

Rotor  Map 
Mo. 

0170 

123 

Coaxial  rotor 
helicopter  figure 
of  merit  and 
cruise  L/D_  rotor 
map  E 

nr 

0172 

1.0 

Number  of  rotors 

W/A 

0173 

15.0 

Main  rotor  disc 
loading 

°MR 

0175 

0.111 

Main  rotor 
solidity 

bMR 

0176 

6.0 

Number  of  main 
rotor  blades 

0TMR 

0177 

-10.0 

Main  rotor  twist 
(degrees) 

XCMR 

0178 

.10 

Main  rotor  blade 
cutout  as  a  fraction 
of  radius 

XMR 

0179 

.05 

Main  rotor  blade 
attachment  point 
as  a  fraction  of 
radius 

(t/c)  25R 

0180 

.32- 

Rotor  blade 
thickness/chord 
at  25  percent 
radius 

VT 

0181 

650 

Main  rotor  tip 

speed 

VCEH1 

V 

0191 

1.60  7 

Main  rotor  vertical 
rate  of  climb 

CEH2 

0192 

0  j 

efficiency  factors 

KpCLIMB 

0193 

.85 

Helicopter  forward 
flight  climb 
efficiency 

^DESCENT 

0194 

.85 

Main  rotor 
descent  efficiency 
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VARIABLE 


LOCATION 


VALUE  ASSIGNED 


Rotor  Dimensional  Data  for  Sizing  Tail  Rotor 


^MR/TR 

0214 

-.5 

Gap  between  main 
and  tail  rotor 
disc  (FT).  When 
TRDIND>0,  repre¬ 
sents  gap  between 
main  rotor  disc 
and  end  of  tail 
boom  (FT).  Negative 
number  implies 
tail  boom  ends  under 
the  main  rotor  disc. 

Clfin 

0216 

0.0 

Vertical  tail  fin 
operating  cruise  lift 
coefficient 

Primary  Engine  Sizing 

Information  Sheet 

Primary 

Engine  Cycle 
No. 

0217 

2.41 

Primary  engine 
selection 

“p 

0219 

2.0 

Number  of 
primary  engines 
• 

XMSNIND 

0220 

0.0 

Drive  system 
ratings  specified 
as  fraction  of 
primary  engine 
installed  power 

shpmrx/shpAr 

0221 

1.02 

Main  rotor  drive 
system  is  rated 
at  102%  of  main 
rotor  design  power 

nT 

0223 

0.98 

Transmission 

efficiency 

ashpacc 

0224 

30. 

Accessory 
power  losses 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

shpaux/shp*ux 

0226 

.46 

Auxiliary  pro¬ 
pulsion  drive 
system  rating  as 
a  fraction  of 
auxiliary  pro¬ 
pulsion  system 
installed  power. 

When  no  auxiliary 
engines  are  specified 
this  input  specifies 
the  auxiliary  drive 
system  is  rated  to 

46%  of  main  rotor 
design  power 

®To(H) 

0227 

0.0 

Design  point  hover 
altitude  for  engine 
sizing 

<t/vod 

0228 

1.06 

Configuration  design 
point  hover  thrust/ 
weight  ratio  ' 

atin  to<h> 

0229 

31.0 

Temperature  increment 
in  degrees  above 
standard  at  altitude 
for  engine  sizing 

(Nii^IIMAxJt 

0 

_  0230 

•  W* 

0.8237 

Operating  point  for 
engine  power  turbine. 
Operating  tip  speed 
is  computed  from 

NPSD  0231  0.0 
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*VT  [NII 


OPERATING 


NII _ #HII 


To  operate  at  V_  *  625 
ft/aec  requires1* that 
Ntt/Ntt  be  the 

11  “max 

reciprocal  of  NTT 

aaMAX 

NII* 

Number  of  engines 
inoperative  at  hover 
design  point 
conditions 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

SHPg/SHP* 

0232 

1.00 

Engines  sized  to 
permit  operation 
at  100%  of  maximum 
rated  power 

<VR/C*D 

0233 

500. 

500  ft/min  vertical 
rate  of  climb  capability 
required  at  hover  design 
point . 

POWIND 

0234 

2.0 

Maximum  engine  rating 
for  cruise  engine  sizing. 
For  this  example,  normal 
rated  power  is  the  maximum 
rating  to  be  used. 

hc 

0235 

0.0 

Design  point  cruise 
altitude  for  engine  sizing. 

V 

c 

0236 

250. 

Design  point  cruise 
speed  for  engine  sizing. 

**«*» 

0237 

0. 

Temperature  increment 
above  standard  for 
cruise  engine  sizing. 

>c  0238 

.7389 

Operating  point  of 
engine  turbine  at 
design  cruise 
conditions . 

Operating  tip  speed 
is  computed  from 

The  rotor  is  slowed  to 
583  ft/sec  £or  JLhis 
example.  (”n/nII  )  is 
computed  from  tha  above 
aquation  e.g. 


»  5S2 _  *  .7389 

650(1.214) 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

<TAOX/TTOT) 

c  0239 

1.00 

100%  of  propulsive 
thrust  provided  by 
auxiliary  propulsion 
at  cruise  condition 
for  engine  sizing. 

*NPSDJC 

0241 

0.0 

No.  of  primary 
engines  shut  down 
during  cruise 
(for  engine  sizing) 

Propeller  Data  Required  for  Compound  Helicopter  Auxiliary 
Propulsion  Information  Sheet 

No.  of 
Props . 

0248 

2.0 

Two  auxiliary  pro¬ 
pellers/fans  are 
use  on  this 
configuration 

VTAR 

0249 

900 

Auxiliary  propeller 
tip  speed 

DIA 

0250 

4.0 

Diameter  of  auxiliary 
prop/fan  is  4  ft. 

XAR 

0251 

.10 

Prop/fan  blade 
attachment  point 
as  a  fraction 
of  radius 

nTAUX 

0252 

.96 

Transmission 
efficiency  of 
auxiliary  drive 
system 

npIND 

0253 

0.0 

Table  of  prop/fan 
efficiencies  are 
input 

nP3 

0254 

0.65 

Prop/fan  climb 
efficiency 

nP5 

0255 

0.60 

Prop/fan  descent 
efficiency 
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AF/Blade 

0257 

169.0 

No.  of 

Blades 

0258 

13.0 

No.  of 

Pairs  in 

0261 

3.0 

0p4  Table 

Values  of 
Mach  No. 

0262 

0.0 

0263 

0.5 

0264 

1.0 

Values  of 

0272 

.60 

% 

0273 

.75 

0274 

.60 

Helicopter  Aerodynamics 

information 

GW/Fe 

0312 

2020 

*FED 

0313 

0.561 

No.  of  Cx/a 

0347 

3. 

NO.  Of  V 


0348 


Prop/fan  activity 
factor  per  blade. 

For  this  example 
a  13  bladed  2200 
total  activity 
prop/fan  was 
selected. 

Number  of  prop/fan 
blades 

Number  of  pairs  in 
prop/fan  efficiency 
table 

Values  of  Mach  Number 
in  cruise  efficiency 
table 


Values  of  cruise 
efficiency 


Drag  trend  constants 
derived  from  data 
such  as  illustrated 
by  Figure  4-30, 
Section  4.9. 

Specifies  number 
of  x/ty  values  in 
table  locations 
0349-0353 

Specified  number 
of  V  values  in 
table  locations 
0354-0360 


VARIABLE 

LOCATION 

Values  of 
cx/o 

0349 

0350 

0351 

Values  of  y 

0354 

0355 

0356 

Values  of 
C£/o 

0361 

0362 

0363 

0368 

0369 

0370 

0375 

0376 

0377 

VALUE  ASSIGNED 


REMARKS 


-1. 

0. 

1. 


0. 

.5 

1. 

1. 

1. 

1. 


1. 

1. 

1. 


1. 

1. 

1. 


] 

i 

} 

1 

} 


Rotor  propulsive 
thrust  coefficient 
divided  by  main 
rotor  solidity. 
Used  in  defining 
rotor  limits 
a  Thrust  Required 


D  2 

Pn 


NR  V 


£±b 1 


4 


aMR 


Rotor  forward  flight 
advance  ratio  y  =  Vfps 

Vtip 


Values  of  C  '/a  corres¬ 
ponding  to  fc  /a), 
location  0349  and 
y 1 ,  y  2 1  and  y  ^ . 

Values  of  C'/o  corres¬ 
ponding  to  tc  /f), 
location  0350andz 

y  ^ ,  y  2 ,  and  y  ^ 

Values  of  C-'/a  corres¬ 
ponding  to  tc  /j), 
location  0351  and-3 
y  y2  811(1  u 3 


Helicopter  Weight  Information  Sheet 


WFE 

2602 

2475. 

Weight  of  fixed 
equipment  in  lbs. 

WFUL 

2603 

864. 

Weight  of  fixed 
useful  load  in  lbs. 

WPL 

2604 

6328. 

Weight  of  payload 
in  lbs. 

AWFC 

2605 

0. 

Flight  controls  group 
incremental  weights  in 
lbs. 

A  WP 

2606 

0. 

Propulsion  group 
incremental  weights 
in  lbs. 
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T 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

*WST 

2607 

200. 

Structures  group 
incremental  weight 
in  lbs . 

RMX 

2608 

1. 

Wing  relief  as 
percentage  of  GW. 

Wi 

2609 

1. 

Weight  in  inboard 
store . 

Wo 

2610 

1. 

Weight  of  outboard 
store . 

di 

2611 

1. 

Position  of  inboard 
underwing  store 
(fraction  of  wing 
semi-span). 

do 

2612 

1. 

Position  of  outboard 
underwing  store 
(fraction  of  wing 
semi-span) . 

kcc 

2613 

17.5 

Cockpit  controls 
weight  factor. 

2614 

30. 

Main  rotor  controls 
weight  factor. 

kSC 

2615 

22.2 

Main  rotor  system 
control  weight  factor. 

*W 

2616 

.005 

Fixed  wing  controls. 

2617 

0. 

Tilt  mechanism  weight 
factor . 

*SAS 

2618 

75. 

Stability  Augmentation 
System  (SAS)  weight 
factor .  Usually  in 
the  range  of  20-100 
pounds . 

^CA 

2619 

.1 

Auxiliary  rotor 
controls  weight 
factor . 

kSCA 

2620 

25. 

Auxiliary  rotor 
systems  controls 
weight  factor. 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

*MC 

2621 

60. 

Miscellaneous 
controls  weight 
factor  in  LBS. 

2622 

125. 

Body  group  weights 
factor 

AC.G. 

2623 

2. 

Helicopter  eg 
travel  (FT) 

*LG 

2624 

,04 

Landing  gear 
weight  factor. 
Percentage  of 
gross  weight. 

^MG 

2625 

.8 

Main  landing 
gear  weight  factor. 

Sw 

2626 

0. 

Detailed  wing 
weight  factor. 

This  adjusts  the 
cons  taint  220  in 

WN=220  (k) 0.585 

up  or  down 
depending  on  the 
complexity  of  the 
control  surfaces. 

LF 

2627 

1. 

Wing  unload  factor. 
Entered  as  a  fraction 
of  design  gross 
weight. 

2628 

0. 

Wing  stores  only 
weight  trend  factor. 

Sip 

2629 

0. 

Wing  weight/area 
factor  (psf). 

kHT 

2630 

2. 

Horizontal  tail 
unit  weight  in 

PSF. 

kCLF 

2631 

0. 

Crash  load  factor. 

*NAC 

2632 

0. 

Primary  cowling 
weight  factor  (PSF). 

*AIP 

2633 

276. 

Primary  air 
induction  system 
weight  factor. 

I  medZi 


=7* 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

^NACA 

2634 

0. 

Auxiliary  cowling 
weight  factor/PSF. 

kAIA 

2635 

0. 

Auxiliary  air  induction 
system  weight  factor. 

NfS 

2636 

0. 

Nacelles  strut 
weight  factor. 

^PRB 

2637 

52.8 

Primary  rotor 
blade  weight  factor. 

kRBF 

2638 

2.2 

Rotor  type  factor; 
hingeleas  for 
this  example. 

^PH 

2639 

73.2 

Primary  hub  weight 
factor. 

kAMD 

2640 

.177 

Main  rotor  weight 
factor. 

^LFD 

2641 

1. 

Blade  fold  weight 
factor.  Input 
as  a  fractional 
part  of  the  total 
rotor  weight. 

2642 

0. 

Tail  rotor  weight 
factor 

kAR 

2643 

14.2 

Auxiliary  rotor 
weight  factor. 

This  is  the  average 
value  for  the  rotor 
or  propeller  weight  ,7 
(LB).  Wr  *  14.2a(K)'° 

Sa 

2644 

1. 

Auxiliary  rotor  multi¬ 
plicative  input  power. 

expressed  her®  as 

100%  input:  power. 
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VARIABLE 

LOCATION 

VALUE  AS  SI  CRIED 

REMARKS 

i 

Vtar 

2645 

1. 

Auxiliary  tail  rotor  multi-  ' 

plicative  tip  speed  factor 
expressed  here  as  100%  input 
speed. 

^DS 

2646 

250. 

Primary  drive  system  weight 
factor . 

^PDSZ 

2647 

3. 

Primary  drive  system  weight 
factor.  Number  of  gears  in 
system. 

kTRDS 

2648 

0. 

Tail  rotor  drive  system 
weight  factor. 

k 

ADS 

2649 

250. 

Auxiliary  drive  system  weight 
factor. 

kADSZ 

2650 

3. 

Auxiliary  drive  system  weight 
factor  (number  of  gears  in 
system ) . 

2651 

.08 

Fuel  system  weight  factor. 

^PEI 

2652 

.17 

Primary  engine  installation  { 

weight  factor. 

kAEI 

2653 

0. 

Auxiliary  engine  installation 
weight  factor. 

K1 

2654 

1. 

Main  rotor  controls  weight 
factor . 

K2 

2655 

.8 

Main  rotor  system  controls 
weight  multiplicative  factor. 

*3 

2656 

1. 

Fixed  wings  controls  weight 
multiplicative  factor. 

K4 

2657 

1. 

Auxiliary  rotor  controls 
weight  multiplicative  factor. 

K5 

2658 

1. 

Auxiliary  rotor  system 
controls  weight  multiplica¬ 
tive  factor. 

K6 

2659 

1. 

Body  weight  multiplicative 
factor . 

K7 

2660 

1. 

Landing  gear  weight  multi-  ( 

plicative  factor. 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


K8 

2661 

1. 

Wing  weight  multiplicative 
factor. 

K9 

2662 

1. 

Horizontal  tail  weight 
multiplicative  factor. 

K10 

2663 

1. 

Primary  nacelle  weight 
multiplicative  factor. 

K11 

2664 

1. 

Auxiliary  nacelle  weight 
multiplicative  factor. 

K12 

2665 

1.22 

Primary  rotor  blade  weight 
multiplicative  factor. 

K13 

2666 

4.16 

Primary  rotor  kit  weight 
multiplicative  factor. 

K14 

2667 

1. 

Tail  rotor  weight  multipli¬ 
cative  factor. 

*15 

2668 

1. 

Auxiliary  rotor  weight 
multiplicative  factor. 

K16 

2669 

1. 

Primary  drive  system  weight 
multiplicative  factor. 

*17 

2670 

1. 

Auxiliary  drive  system  weigh 
multiplicative  factor. 

*18 

2671 

1. 

Primary  engine  weight  multi¬ 
plicative  factor. 

K19 

2672 

1. 

Auxiliary  engine  weight 
multiplicative  factor. 

Takeoff, 

Hover,  and  Landing 

Information  a 

TOLIND 

0461 

2.0 

Specify  power  fraction 
and  vertical  rate  of  climb 

0462 

10  j 

\  Specify  required  T/W 

r  for  hover  out  of 

0463 

1.0  J 

1  ground  effect. 

ATM1ND 

0481 

1.00  • 

1 

)  Standard  atmosphere 

r  plus  an  incremental 

0482 

1.00  J 

1  temperature 

0483 

0.0 

Standard  atmosphere 

PEHF 

0491 

1.00 

Power  fraction  -  100 

percent  of  power  available 
at  these  ambient  conditions 
is  being  used. 
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REMARKS 


VARIABLE  LOCATION  VALUE  ASSIGNED 


POWIND 

0781 

0782 

0783 

rmax(n.m.) 

0791 

0792 

0793 

(N  /N  ) 

11  MAX 

0801 

(Primary 

0802 

Engine) 

0803 

4£»CR(E-r2) 

0811 

0812 

0813 

npsd 

0831 

CR 

0832 

0833 

taux/ttot 

0841 

0842 

0843 


Loiter  Information  Sheet 
ATMXND  1031 

(HR)  1061 


Cruise  speed 

by  normal  rated 

primary  engine  power 

Values  of  range 

at  end  of  each 

cruise  segment 

Operating  point  for  engine 
power  turbine  during 
cruise . 


Increment  in  cruise 
equivalent  flat  plate 
area  (FT2) 

Number  of  primary 
engines  shut  down 
in  cruise 
100%  of  required 
propulsive  force  is 
provided  by  auxiliary 
prop/fans 


0.0  Standard  atmosphere  speci¬ 

fied 

.100  Time  increments  for 

loiter  calcuations 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


ATIN(°F) 

0401 

31.0  1 

0502 

31.0  J 

Vr/C(™) 

0511 

500.  'J 

0512 

500.  1 

0513 

500.  J 

T/W 

0522 

1.06  } 

0523 

1.06  ) 

ath(hr) 

0531 

.0111 

0532 

.050 

0533 

.0111  . 

<NH/Nn  ) 

MAX 

0541 

.8237 

(Primary 

0542 

.8237 

Engine ) 

0543 

• 

.8237  - 

REMARKS 


Incremental  temper a1 ture 
above  standard, 
in  degrees. 

500  ft/min  vertical 
rate  of  climb 
capability 
desired 


Hover  thrust/weight 

ratio 

specified. 

Time  increments  for 

takeoff,  hover  or  landing 

computation  in  hours. 

Operating  point  for  engine 
power  turbine  during 
takeoff,  hover  or  landing. 


650 _  »  .8237 

650(1.214) 


0551 

.0333  ' 

|  Takeoff,  hover. 

0552 

.250 

►  or  landing 

Climb 

0553 

Information  Sheet 

.0333  J 

!  total  time  in  hours. 

CLMIND 

0571 

/ — 

o 

• 

r* 

Maximum  rate  of 

0572 

1.0  J 

climb  desired 

ATMIND 

0571 

0.0 

Atmosphere  indicator. 
Standard  atmosphere 

0592 

0.0  J 

specified. 

Ah(FT) 

0621 

500.  J 

Altitude  increments 
for  climb 

0622 

300.  J 

calculations . 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

POWIND 

0631 

1.0  7 

Climb  at  maximum  rate 

0632 

i..  t 

of  climb,  limited  by 
military  power  available. 

hMAX(FT) 

0641 

5000.  ) 

Final  altitudes 

0642 

3000.  J 

for 

climb. 

(Nz  /N  ) 

0651 

.8237  p 

Operating  point  for  engine 

1  MAX 

(Primary 

0652 

.8237  J 

turbine  during  climb. 

Engine ) 

if*CL <***> 

0661 

.500  p 

N._  =  V_  =.8237 

aOPERATING 

Hu  VT  NII 

MAX  A  iAMAX 

N  * 

II 

Incremental 

0662 

.500  J 

drag  area 
in  climb 

^PSD 

0681 

0.0  ") 

Number  of  primary 

UCL 

0682 

o 

• 

o 

engines  shut  down 
during  climb 

taux/ttot 

0691 

.300  p 

30%  of  required 

0692 

.300  J 

propulsive  force 
provided  by  auxiliary  fans. 

Cruise  Information  Sheet 


CRSIND 

0721 

2.0 

Cruise  at  constant  true 
airspeed 

0722 

1.0 

Cruise  at  specified  power 
setting 

0723 

4.0 

Cruise  at  99%  best  range 
speed 

0731 

180. 

Cruise  at  280  knots  T.A.S. 

ATMIND 

0741 

0.0  ^ 

i  Atmosphere  indicator 

0742 

o.o  ; 

Standard  atmosphere 

0743 

0.0  J 

^  specified 

AR(N.M) 

0771 

15.0  > 

j 

Calculation  increments 

0772 

15.0  j 

during  cruise  in 

0773 

15.0  ^ 

)  nautical  miles 

C 


( 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


(N  /N  ) 

14  MAX 

(Primary 

Engines ) 

1071 

.8237 

Operating  point  for  primary 
engine  power  turbine  during 
loiter. 

Nr_  *  V_  *  .8237 

4  OPERATING 

Nji  VT  Njj 

AMAX  4  44MAX 

N  * 

"il 

t^RH) 

1081 

.500 

30  minutes  of  loiter 
specified 

psdloiter 

U01 

0.0 

Number  of  primary  engines 
shut  down  during  loiter 

TAUX'/TTOtf 

iill 

.30 

30%  of  required  propulsive 
force  is  provided  by  auxi¬ 
liary  prop/fans. 

Af@L(FT3> 

1131 

.•500 

Increment  in  loiter  equiva¬ 
lent  flat  plate  drag  area 
(FT2) 

Transfer  Altitude  Sheet 

hFINAL(FT) 

1181 

2000.  > 

Transfer  altitude  to 

1182 

1000.  1 

these  final  values 

1183 

0.0  \ 

with  no  time,  fuel  or 

1184 

0.0  J 

distance  credits 

Primary  Engine  Cycle  Data; 

Non-Standard 

Performance 

WDTIND 

1201 

0.0 

No  fuel  flow  cutoffs 

N1IND 

1202 

0.0 

No  Nx  cutoffs 

N18IND 

1203 

1.0 

Referred  Nx  cutoff 

N2IND 

1204 

2.0 

Free  turbine  engine  to 
be  simulated 

QIND 

1205 

1.0 

Torque  cutoff 

RNOIND 

1206 

0.0 

No  Reynolds  No.  corrections 

(Mj/ /y  1/KJ*  )MAX 

1222 

1.115 

Value  for  referred  N- 
limit  1 

ril  1223 

4IMAX 


Value  for  N_. 
referred  to  n 


cutoff 


1.214 


VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


1224  1.00  Value  of  torque  cutoff 

referred  to  value  at  sea 
level  standard  static 
condition 


SAMPLE  CASE  NO.  3  Run  2 

QIND  1205  2.  Torque  limit  imposed  on 

auxiliary  propulsion 
transmission. 


SAMPLE  CASE  NO.  3  Run  3 
XMSNIND  0220  1 . 


When  XMSNIND  =  0.  or  1. 
the  transmission  can  be 
rated  either  takeoff  or 
cruise.  In  this  example 
ESCIND  (LOC  0022) »2.  This 
internally  sets  the  maximum 
power  to  the  cruise  power  in 
location  0238.  XMSNIND  *  1 
indicates  that  the  drive  system 
component  (main  tail,  and 
auxiliary)  power  is  obtained 
from  the  proportional  split 
of  the  total  sea  level  stan¬ 
dard  power. 
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7.3.4  Coaxial  Rotor  Helicopter  With  Auxiliary  Propulsion 

The  design  mission  profile  is  illustrate  '  n  Figure  7-4.  The 
engine  and  rotor  cycles  are  not  discusser  in  this  case.  A 
complete  copy  of  the  program  printout  follows  the  description 
of  the  input. 


CKOISS  «  SFSCirilD  FOMM 


-ieo  nautical  riuo 


Figure  7-4.  Design  Mission  -  Semple  Case  Mo.  4 


SAMPLE  CASE  NO,  4  RUN  1 


GENERAL  INFORMATION  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1. 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1. 

Detailed  printout  desired 

DGRIND 

0003 

2. 

GW/Fe  drag  trend  utilized. 
Locations  0312  and  0313 
must  be  input. 

OSWIND 

0004 

1. 

Program  calculates  e. 

CNFIND 

0005 

1. 

This  case  is  an  ABC  heli¬ 
copter  run  as  a  single 
rotor . 

AUXIND 

0006 

3. 

Compound  helicopter  with 
auxiliary  propulsion 
only.  Location  0012 
must  be  input. 

RDMIND 

0007 

2. 

Input  disc  loading  and 
solidity. 

FIXIND 

0008 

1. 

Program  sizes  primary 
engines. 

ROTIND 

0009 

5. 

L/De  rotor  map  input. 

Rotor  is  operated  at  max. 
rotor  L/De  with  TAUX/T 
as  output.  Program 
accepts  Vtip  schedule. 
Location  0006  must  be 
greater  than  2,  and 
Location  0253  must 
equal  0. 

AIPIND 

0012 

1. 

No  independent  auxiliary 
engines. 

TRDIND 

0015 

2. 

No  anti-torque  tail 
rotor  on  this  design. 

VTFIND 

0017 

1. 

Input  locations  0135  and 

0138,  ARVT  and  CVT» 
respectively. 


7-193 


LOCATION  VALUE  ASSIGNED 


REMARKS 


VARIABLE 


HTIND 

0018 

4  • 

Horizontal  tail  volume 
coefficient  input. 

MRPIND 

0019 

0. 

Main  rotor  position  on 
fuselage  input  by  user. 

ESCIND 

0022 

1. 

Primary  engines  are  sized 
for  either  takeoff  or 
cruise. 

WGo 

0023 

40000. 

First  guess  at  design 
gross  weight. 

Ho 

0024 

0. 

Initial  altitude. 

Ro 

002S 

0. 

Initial  range. 

To 

0026 

0. 

Initial  starting  time. 

HOPTIND 

0027 

0. 

Cruise  at  specified 
altitude. 

%D 

0028 

.456 

Maximum  operating  Mach 
number. 

VMO 

0029 

250. 

Maximum  operating  equiva¬ 
lent  airspeed  in  knots. 

VDIVE 

0030 

300. 

Dive  speed  -  approxi¬ 
mately  equal  1.2  x  Vmo  in 
knots. 

mlp 

0031 

3. 

Maneuver  load  factor. 

Kl 

0032 

1.0562 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel.  1.0562  results  in 
5%  of  initial  fuel  for 
reserve. 

«wp 

0033 

0. 

Fixed  fuel  increment  for 
reserves  or  other  use. 

kff 

0034 

1.05 

Increase  basic  engine  SFC 

by  5%. 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

SGTIND 

0035 

1.0 

Taxi 

0036 

2.0 

Takeoff 

0037 

3.0 

Climb 

0038 

4.0 

Cruise 

0039 

5.0 

Descent 

0040 

2.0 

Hover 

0041 

8.0 

Transfer  payload 

0042 

9.0 

Transfer  altitude 

0043 

60.0 

Loiter  for  reserve  fuel 

0044 

100.0 

End  of  case 

HELICOPTER 

DIMENSIONAL 

INFORMATION  SHEET 

ARrt 

0112 

4.178 

Horizontal  tail  aspect 
ratio. 

*TH» 

0113 

.7866 

Ratio  of  horizontal  tail 
moment  arm  to  main  rotor 
radius. 

(t/c) HT 

0114 

.15 

Horizontal  tail  thick¬ 
ness/chord  ratio. 

VH 

0115 

.0192 

Horizontal  tail  volume 
coefficient  referred  to 
main  rotor  diameter  and 
tail  arm. 

XH 

0116 

.555 

Horizontal  tail  taper 
ratio. 

ASWET/Sp 

0120 

0. 

Fuselage  wetted  area 
ratio . 

ASwET 

0121 

0. 

Incremental  fuselage 
wetted  area. 

hp 

0122 

8.276 

Fuselage  height. 

Wp 

0123 

8.276 

Fuselage  width. 

(i/d)p 

0124 

1.007 

Fineness  ratio  of  nose. 

U/d)T 

0125 

1.329 

Fineness  ratio  of  tail. 

lc 

0126 

23.5 

Constant  diameter 

section  length 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

£rw 

0127 

15. 

Length  of  ramp  well. 

(Xm/^B) 

0128 

.4825 

Main  rotor  position  aft 

of  the  nose  as  a  frac¬ 

tion  of  main  fuselage 
length. 

( &tb/ ^tb ) 

0129 

2.133 

Fineiiess  ratio  of  tail 
boom1. 

(dTTB/dTB) 

0130 

.2 

f 

Ratio  of  average  tail 
boom  tip  diameter  to 

average  tail  boom 
diameter. 

ARvT 

0135 

1.5 

> 

Vertical  tail  aspect 
ratio. 

XvT 

0136 

.5 

Vertical  tail  taper 
ratio. 

(t/c)  ytji 

0137 

.15 

Thickness/chord  ratio 
of  vertical  tail. 

Kz  or  bvT 

0139 

9.274 

Variable  is  bvT  for  this 
case  of  an  ABC  helicop¬ 
ter.  Locations  0005  and 
0017  must  equal  1.0,  and 
location  0015  must  equal 
0.0. 

ni 

0142 

0. 

n2 

0143 

n 

* 

Primary  engine  nacelle 

u  • 

dimensional  factors. 

n3 

0144 

^AlP/^c) 

0145 

0. 

Ratio  of  air  induction 

system  length  to  primary 
engine  length. 

n4 

0146 

°- 1 

Auxiliary  independent 

n5 

0147 

o.  : 

> 

engine  nacelle 
dimensional  factors. 

^6 

0148 

°.  J 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


(^aia/^ea) 

0149 

0. 

Ratio  of  air  induction 
system  length  to  auxili¬ 
ary  engine  length. 

AS/SStr 

0150 

0. 

Ratio  of  incremental 
auxiliary  engine  nacelle 
strut  planform  area  to 
auxiliary  engine  nacelle 
strut  planform  area. 

bNS/dNI 

0151 

0. 

Ratio  of  auxiliary  inde¬ 
pendent  engine  nacelle 
strut  span  to  nacelle 
diameter . 

( t/ c)  hj* 

0152 

.21190 

Main  rotor  pylon  root 
thickness/chord  ratio. 

(t/c) XF 

0153 

.2164 

Main  rotor  pylon  tip 
thickness/chord  ratio. 

arfp 

0154 

.1928 

Main  rotor  pylon  aspect 
ratio. 

Xpp 

0155 

.6381 

Forward  rotor  pylon 
taper  ratio. 

hPl 

0156 

2. 

Main  rotor  pylon  height. 

ROTOR  DIMENSIONAL  DATA  FOR 

SIZING  MAIN  ROTOR 

Rotor  Map  No. 

0170 

125. 

Coaxial  rotor  helicopter 
figure  of  merit  and 
cruise  L/De  rotor  map. 

% 

0172 

1. 

Number  of  rotors. 

W/A 

0173 

15. 

Main  rotor  disc  loading. 

ctMR 

0175 

.1397 

Main  rotor  solidity 

bMR 

0176 

8. 

Number  of  main  rotor 
blades. 

qtmr 

0177 

-10. 

Main  rotor  twist 
(degrees) 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

XcMR 

0178 

.1 

Main  rotor  blade  cutout 
as  a  fraction  of  radius. 

XMR 

0179 

.07 

Main  rotor  blade  attach¬ 
ment  point  as  a  fraction 
of  radius. 

(t/c) . 25R 

0180 

.32 

Rotor  blade  thickness/ 
chord  at  25  percent 
radius. 

VTIPref 

0181 

723.51 

Main  rotor  tip  speed. 

VCEH1 

0191 

1.53  T 

Main  rotor  vertical  rate 
of  climb  efficiency 

VCEH2 

0192 

°‘  J 

factors. 

kpclimb 

0193 

.87 

Helicopter  forward 
flight  climb  efficiency. 

kpdescent 

0194 

.87 

Helicopter  forward 
flight  descent  effi¬ 
ciency. 

ROTOR  DIMENSIONAL  DATA  FOR  SIZING  TAIL  ROTOR 

gMR/TR  0214  0.  Gap  between  main  and 

tail  rotor  disc  (FT) . 
When  location  0015»0 
(TRDIND) ,  represents 
gap  between  main  rotor 
disc  and  end  of  tail 
boom  (FT) .  A  negative 
number  would  imply  tail 
boom  ends  under  the 
main  rotor  disc. 

Clfin  0216  0.  Vertical  tail  fin 

operating  cruise  lift 
coefficient. 


( 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 

PRIMARY  ENGINE  SIZING  INFORMATION  SHEET 


Primary 

Engine 

Cycle  No. 

0217 

Np 

0219 

XMSNIND 

0220 

SHPMRX/SHPfo  0221 

KALT  PAYL  0222 

riT  0223 

^SHPacc  0224 

SHPaux/SHP^uX  0226 


1.82  Primary  engine  selection. 

4.  Number  of  primary 

engines. 

2.  Drive  system  ratings 

specified  as  fraction  of 
primary  engine  installed 
power  required  to  hover 
or  cruise  at  design  con¬ 
ditions.  The  more  crit¬ 
ical  of  the  two  condi¬ 
tions  is  selected. 

.9363  Main  rotor  drive  system 

is  rated  at  93.63%  of 
main  rotor  design  power. 

0.  Ratio  of  main  rotor 

drive  system  XMSN  rating 
to  main  rotor  design 
power . 

.97  Transmission  efficiency. 

0.  Accessory  power  losses. 

.9364  Auxiliary  propulsion 

drive  system  rating  as  a 
fraction  of  auxiliary 
propulsion  system  in¬ 
stalled  power.  When  no 
auxiliary  engines  are 
specified,  this  input 
specifies' the  auxiliary 
drive  system  is  rated  to 
93.64%  of  main  rotor 
design  power. 

0.  Design  point  hover 

attitude  for  engine 
sizing. 
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^TO  (H) 


0227 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

(T/W)D 

0228 

1.13 

Configuration  design 
point  hover  thrust/ 
weight  ratio. 

ATINto(H) 

0229 

30.8 

Temperature  increment  in 
degrees  above  standard 
at  altitude  for  engine 
sizing. 

An  \ 

^IlMA^  T0 

0230 

.943 

Operating  point  for 
engine  power  turbine. 
Operating  tip  speed  is 
computed  from 

V  ,  .  =  vT  fNxi  1  |**i;i:max 

Toperating  T  55^—  B__ 

»  J  L  - 


NPSD 

0231 

0. 

Number  of  engines  in¬ 
operative  at  hover 
design  point  conditions. 

skpe/shp* 

0232 

1. 

Engines  sized  to  permit 
operation  at  100%  of 
maximum  rated  power. 

^R/c)d 

0233 

0. 

0  ft /min  vertical  rate 
of  climb  capability 
required  at  hover  design 
point. 

POWIND 

0234 

2. 

.Maximum  engine  rating 
for  cruise  engine  sizing 
For  this  example,  normal 
rated  power  is  the  maxi¬ 
mum  to  be  used. 

hc 

0235 

0. 

Design  point  cruise 
altitude  for  engine 
sizing. 

vc 

0236 

250. 

Design  point  cruise 
speed  for  engine  sizing. 

ATINce 

0237 

0. 

Temperature  increment 
above  standard  for 
cruise  engine  sizing. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


^aux/Ttot^ 


0239 


0241 


10.943  This  location  specifies 
the  operating  point  for 
engine  power  turbine  at 
design  cruise  conditions. 
However,  in  this  ex¬ 
ample,  since  Nu  is 

niimax 

between  10.  and  20.,  the 
program  assumes  a  V>rxp 
schedule  mix  of  Madvtip 

and  Viyjp  as  designated 
by  locations  1258  to 
1278. 

1000.  This  value  signifies 

that  the  propulsive 
thrust  provided  by  aux¬ 
iliary  propulsion  at 
cruise  condition  for 
engine  sizing  follows 
the  input  schedule  in 
locations  1671-1692. 


0.  Number  of  primary 

engines  shut  down  during 
cruise  (for  engine 
sizing) . 


PROPELLER  DATA  REQUIRED  FOR  COMPOUND  HELICOPTER 
AUXILIARY  PROPULSION  INFORMATION  SHEET 


No.  of  Props 

0248 

2. 

Two  auxiliary  propellers 
are  used  on  this  con¬ 
figuration. 

VTAR 

0249 

927. 

Auxiliary  propeller  tip 
speed . 

DIA 

0250 

6. 

Diameter  of  auxiliary 
prop/fan  is  6  ft. 

XAR 

0251 

.15 

Prop/fan  blade  attach¬ 
ment  point  as  a  fraction 
of  radius. 

nTAUX 

0252 

.97 

Transmission  efficiency 
of  auxiliary  drive  system 

7-201 

] 


VARIABLE 


REMARKS 


LOCATION  VALUE  ASSIGNED 


^PlND 

0253 

0. 

Table  of  prop/fan  effi¬ 
ciencies  are  input. 

np3 

0254 

.7 

Prop/fan  climb  effi¬ 
ciency. 

r'p4 

0255 

.5 

Prop/fan  descent  effi¬ 
ciency. 

AF  /Blade 

0257 

100. 

Prop/fan  activity  factor 
per  blade.  For  this 
example ,  a  4  bladed  400 
total  activity  prop/fan 
was  selected. 

No.  of  blades 

0258 

4. 

Number  of  prop/fan 
blades. 

No.  of  pairs 
in  np4  Table 

0261 

2. 

Number  of  pairs  in  prop/ 
fan  efficiency  table, 
locations  0262-0281. 

Values  of 
!Iach  No. 

0262 

0263 

0 

.6 

Values  of  Mach  number 
in  cruise  efficiency 
table. 

Values  of 
nP4 

0272 

0273 

.8 

.8 

Values  of  cruise  effi¬ 
ciency  at  corresponding 
Mach  number. 

HELICOPTER  AERODYNAMICS 

INFORMATION 

SHEET 

GW/Fe 

KpED 

0312 

0313 

1762  1 

0.561 J 

Drag  trend  constants 
-  derived  from  data  such 
as  illustrated  by 

Figure  4-30,  Section  4.9 

TFEF 

0315 

1. 

Tail  fin  aspect  ratio 
effectiveness  factor. 

0327 

1. 

Wing  multiplicative 
drag  factor. 

Specifies  number  of 
Cx/a  values  in  table 
locations  0349-0354. 


No.  of  Cx/o  0347 


3 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

«w 

0 

• 

o 

52 

u 

0348 

3. 

Specifies  number  of  u 
values  in  table  loca- 

tions  0354-0360. 

Values 

of 

0349 

-i  ) 

Rotor  propulsive  thrust 

Cx/a 

0350 

0  l 

coefficient  divided  by 

0351 

1  j 

main  rotor  solidity. 
Used  in  defining  rotor 
limits. 

Cx/a  * 

"  THRUST  REOUIRED 

pir  DflR  %  VTIP  atlR 

- 


Values  of  p 

0354 

0 

Rotor  forward  flight 

0355 

.5 

►  advance  ratio  p  *  Vfps 

0356 

1. 

4 

vtip 

Values  of 

Ct  Wo 

0361 

1. 

Values  of  Ct '/a  corres- 

0362 

1. 

►  ponding  to  (Cx/cr)i 

0363 

1. 

location  0349  and  p^, 
p2,  and  p3. 

0368 

1. 

Values  of  CTVa  corres¬ 

0369 

1. 

ponding  to  (Cx/a)2 

0370 

1. 

location  0350  and  p^, 
p  2 •  and  P  3 . 

0375 

1. 

Values  of  Ct'/c  corres¬ 

0376 

1. 

ponding  to  (Cx/a) 3 

0377 

1. 

location  0351  and  pi, 

P2  and  U3. 

HELICOPTER 

WEIGHT  INFORMATION  SHEET 

WPE 

2602 

5622. 

Weight  of  fixed  equipment 
in  LBS. 

WFUL 

2603 

1550. 

Weight  of  fixed  useful 
load  in  LBS. 

WPL 

2604 

5630.  • 

Weight  of  payload  in 

LBS. 

AWpc 

2605 

0. 

Flight  controls  group 
incremental  weights  in 
LBS. 

VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


*Wp 

2606 

0. 

Propulsion  group  incre¬ 
mental  weight  in  LBS. 

AWgT 

2607 

700. 

Structures  group  incre¬ 
mental  weight  in  LBS. 

RMi 

2608 

0. 

Wing  relief  as  percent¬ 
age  of  GW. 

W± 

2609 

0. 

Weight  of  inboard  store. 

w0 

2610 

0. 

Weight  of  outboard 
store. 

di 

2611 

0. 

Position  of  inboard 
underwing  store  (frac¬ 
tion  of  wing  semi-span) . 

do 

2612 

0. 

Position  of  outboard 
underwing  store  (frac¬ 
tion  of  wing  semi-span) . 

kCC 

2613 

26. 

Cockpit  controls  weight 
factor. 

kRC 

2614 

30. 

Main  rotor  controls 
weight  factor. 

kSC 

2615 

30. 

Main  rotor  system  con¬ 
trols  weight  factor. 

kFW 

2616 

.005 

Fixed  wing  controls. 

kTM 

2617 

0. 

Tilt  mechanism  weight 
factor. 

kSAS 

2618 

75. 

Stability  Augmentation 
System  (SAS)  weight 
factor.  Usually  in  the 
range  of  20-100  pounds. 

kRCA 

2619 

18. 

Auxiliary  rotor  controls 
weight  factor. 

kSCA 

2620 

25. 

Auxiliary  rotor  system 
controls  weight  factor. 

kMC 

2621 

0. 

Miscellaneous  controls 
weight  factor  in  LBS. 

REMARKS 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

kB 

2622 

125. 

Body  group  weight  factor. 

AC. 6. 

2623 

2.08 

Helicopter  eg  travel  (FT) 

kLG 

2624 

.04 

Landing  gear  weight 
factor.  Percentage  of 
gross  weight. 

kMG 

2625 

.8  . 

Main  landing  gear  weight 
factor. 

kWW 

2626 

0. 

Detailed  wing  weight 
factor.  This  adjusts  the 
constant  220  in 

Ww  -  220 (k) 0.585  up  or 
down  depending  on  the 
complexity  of  the  control 
surfaces. 

LF 

2627 

1. 

Wing  unload  factor. 
Entered  as  a  fraction  of 
design  gross  weight. 

kWS 

2628 

0. 

Wing  stores  only  weight 
trend  factor. 

kWP 

2629 

0. 

Wing  weight/area  factor 
(psf )  . 

kHT 

2630 

2.5 

Horizontal  tail  unit 
weight  in  PSF. 

kCLF 

2631 

0. 

Crash  load  factor. 

kNAC 

2632 

0. 

Primary  cowling  weight 
factor  (PSF) . 

kAIP 

2633 

0. 

Primary  air  induction 
system  weight  factor. 

kNACA 

2634 

0. 

Auxiliary  cowling  weight 
factor  (PSF) . 

kAIA 

2635 

0. 

Auxiliary  air  induction 
system  weight  factor. 

kNS 

2636 

0. 

Nacelle  strut  weight 
factor. 

7-205 


LOCATION  VALUE  ASSIGNED 


REMARKS 


VARIABLE 

kpRB 

kRBF 

kPH 

kamd 

kBLFD 

kTR 

kAR 

kPA 

kVTAR 

kPDS 

kPDSZ 

kTRDS 

kADS 


2637 

2638 

2639 


44.  Primary  rotor  blade 

weight  factor. 

2.2  Rotor  type  factor; 

hingeless  for  this 
example . 

61.  Primary  hub  weight 

factor. 


2640 


.286  Main  rotor  weight 
factor. 


2641 

1.1948 

Blade  fold  weight 
factor.  Input  as  a 
fractional  part  of  the 
total  rotor  weight. 

2642 

0. 

Tail  rotor  weight  factor 

2643 

14.2 

Auxiliary  rotor  weight 
factor.  This  is  the 
average  value  for  the 
rotor  or  propeller 
weight  (LB) . 

Wr  -  14.2  a(k) *67 

2644 

1. 

Auxiliary  rotor  multi¬ 
plicative  input  power, 
expressed  here  as  100% 
input  power. 

2645 

1. 

Auxiliary  tail  rotor 
multiplicative  tip  speed 
factor  expressed  here  as 
100%  input  speed. 

2646 

265. 

Primary  drive  system 
weight  factor. 

2647 

3. 

Primary  drive  system 
weight  factor.  Number 
of  gears  in  system. 

2648 

0. 

Tail  rotor  drive  system 
weight  factor. 

2649 

0. 

Auxiliary  drive  system 
weight  factor. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


kADSZ 

2650 

1. 

Auxiliary  drive  system 
weight  factor  (number  of 
gears  in  system) . 

kFS 

2651 

.15 

Fuel  system  weight 
factor . 

kPE 

2652 

.3 

Primary  engine  installa¬ 
tion  weight  factor. 

kAEl 

2653 

0. 

Auxiliary  engine  instal¬ 
lation  weight  factor. 

Kl 

2654 

1. 

Main  rotor  control  weight 
factor. 

k2 

2655 

1.206 

Main  rotor  system  con¬ 
trols  weight  multiplica¬ 
tive  factor. 

*3 

2656 

1. 

Fixed  wing  controls 
weight  multiplicative 
factor . 

k4 

2657 

1. 

Auxiliary  rotor  controls 
weight  multiplicative 
factor. 

*5 

2658 

1. 

Auxiliary  rotor  system 
controls  weight  multi¬ 
plicative  factor. 

K6 

2659 

0.85 

Body  weight  multiplica¬ 
tive  factor. 

k7 

2660 

.85 

Landing  gear  weight 
multiplicative  factor. 

K8 

2661 

1. 

Wing  weight  multiplica¬ 
tive  factor. 

k9 

2662 

.85 

Horizontal  tail  weight 
multiplicative  factor. 

*10 

2663 

1. 

Primary  nacelle  weight 
multiplicative  factor. 

r-- 


REMARKS 


VARIABLE  LOCATION  VALUE  ASSIGNED 


*11 

2664 

1. 

Auxiliary  nacelle  weight 
multiplicative  factor. 

*12 

2665 

1. 

Primary  rotor  blade  weig] 
multiplicative  factor. 

*13 

266  6 

1.6 

Primary  rotor  hub  weight 
multiplicative  factor. 

*14 

2667 

1. 

Tail  rotor  weight  multi¬ 
plicative  factor. 

*15 

2668 

1. 

Auxiliary  rotor  weight 
multiplicative  factor. 

*16 

2669 

.93 

Primary  drive  system 
weight  multiplicative 
factor. 

L 


*17 

2670 

1. 

*18 

2671 

1. 

*19 

2672 

1. 

*20 

2673 

1. 

TAXI  INFORMATION  (SGTIND  ■  1) 
ATMIND  0401  0. 

t j (HR)  0411  .033 

0441  .943 


7-208 


Auxiliary  drive  system 
weight  multiplicative 
factor. 

Primary  engine  weight  i 

multiplicative  factor. 

Auxiliary  engine  weight 
multiplicative  factor. 

Tail  rotor  drive  system 
weight  multiplicative 
factor. 


Standard  atmosphere 
selected. 

Tine  in  hours  to  taxi. 


Operating  point  for  engine 
power  turbine  during  taxi. 


VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 

TAKEOFF,  HOVER,  AND  LANDING  INFORMATION  (SGTIND  -  2) 


TOLIND 

ATMIND 

PEHF 

ATIN(»F) 

Vr/c  (FPIl) 
T/W 

Atfl(HR) 

(PRIMARY 

ENGINE) 

tH (HR) 


0461 

2. 

Specify  power  fraction 
and  vertical  rate  of 
climb. 

0462 

1. 

Specify  required  T/W 
for  hover  out-of-ground 
effect. 

0481 

1. 

Standard  atmosphere  plus 
an  incremental  tempera¬ 
ture  specified  in 
location  0501. 

0482 

0. 

Standard  atmosphere. 

0491 

1. 

Power  fraction  -  100%  of 
power  available  at  these 
ambient  conditions  is 
being  used. 

0501 

30.8 

Incremental  temperature 
above  standard ,  in 
degrees . 

0511 

0. 

1  Off/min  vertical  rate  of 

0512 

0. 

4 

[  climb  capability  desired 

0522 

1.03 

Hover  thrust/weight 
ratio  specified. 

0531 

.025  ] 

Time  increments  for 

0532 

-1  J 

’  takeoff,  hover  or  landing 
computations  in  hours. 

0541 

.943  ] 

Operating  point  for 

0542 

.943  j 

‘  engine  power  turbine 
during  takeoff,  hover  or 
landing. 

nlll  1  -  ^OPERATING 

V^TIIV 

0551 

.05 

Takeoff,  hover,  or  land¬ 

0552 

.2 

ing  total  time  in  hours. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


CLIMB  INFORMATION  (SGTIND  -  3) 


CLMIND 

0511 

1. 

Maximum  rate  of  climb 
desired. 

ATMIND 

0591 

1. 

Standard  atmosphere  plus 
an  incremental  tempera¬ 
ture  specified  in 
location  0611. 

ATinCF) 

0611 

30.8 

Incremental  temperatures 
above  standard,  in 
degrees. 

Ah  (FT) 

0621 

1000. 

Altitude  increments  for 
climb  calculations. 

POWIND 

0631 

1. 

Climb  at  maximum  rate  of 
climb  limited  by  mili¬ 
tary  power  available. 

hMAX(FT) 

0641 

4000. 

Final  altitudes  for 
climb. 

("W 

(PRIMARY 

ENGINE) 

0651 

10.943 

This  location  specifies 
the  operating  point  for 
engine  power  turbine  at 
design  climb  conditions. 
However,  in  this  example 
since  Nn  is  between 

niiiiax 

10.  and  20.,  the  program 
assumes  a  V^jp  schedule 

mix  of  MADVmjp  and  VTIp 

as  designated  by  loca¬ 
tions  1258-1278. 

ApeCL<FT2) 

0661 

0. 

Incremental  drag  area  in 
climb. 

npsdcl 

0681 

0. 

Number  of  primary 
engines  shut  down  during 

VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


TAUX/TTOT 

0691 

1000. 

This  value  signifies  that 
the  propulsive  thrust 
provided  by  auxiliary 
propulsion  at  CLIMB  con¬ 
dition  follows  the  input 
schedule  in  locations 
1671-1692. 

CRUISE  INFORMATION 

(SGTIND  =  4) 

CRSIND 

0721 

1. 

Cruise  at  specified  power 
setting. 

ATMIND 

0741 

1. 

Standard  atmosphere  plus 
an  incremental  tempera¬ 
ture  specified  in  loca¬ 
tion  0611. 

ATin(°F) 

0761 

30.8 

Incremental  temperature 
above  standard,  in 
degrees . 

AR  (Nil) 

0771 

40. 

Calculation  and  printout 
increments  during  cruise 
in  nautical  miles. 

POWIND 

0781 

2. 

Cruise  speed  by  normal 
rated  primary  engine 
power . 

®ilAX  (NM) 

0791 

200, 

Values  of  range  at  end  of 
each  cruise  segment. 

(PRIMARY 

ENGINE) 

0801 

10.943 

This  location  specifies 
the  operating  point  for 
engine  power  turbine  at 
design  cruise  conditions. 
However,  in  this  example 

since  Njj  is  between 

^Imax 

10.  and  20.,  the  program 
assumes  a  VTIP  schedule 
mix  of  MadVtip  and  VTjp 
as  designated  by  loca¬ 
tions  1258-1278. 
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VARIABLE 

LOCATION  VALUE  ASSIGNED 

REMARKS 

AFecR(FT2) 

0811 

0. 

Increment  in  cruise 
equivalent  flat  plate 
area  (FT2 ) . 

%SDCS 

0831 

0. 

Number  of  primary  engines 
shut  down  in  cruise. 

TAUX/TTOT 

0841 

1000. 

This  value  signifies 
that  the  propulsive 
thrust  provided  by  aux¬ 
iliary  propulsion  at 
cruise  condition  follows 
the  input  schedule  in 
locations  1671-1692. 

DESCENT  INFORMATION 

(SGTIND  =  5) 

DESIND 

0871 

1. 

Constant  True  Airspeed 
descent  specified  by 
location  0881. 

TAS 

0881 

170. 

Descend  at  a  constant 

170  knots. 

RMAXIND 

0891 

0. 

Terminal  descent  range 
specified.  Location 

0961  must  be  input. 

ATMIND 

0911 

1. 

Standard  atmosphere  plus 
an  incremental  tempera¬ 
ture  specified  in  loca¬ 
tion  0931. 

Ah (FT) 

0921 

1000. 

Calculation  and  printout 
increments  during 
descent  in  nautical 
miles. 

ATIN(°F) 

0931 

30.8 

Incremental  temperature 
above  standard,  in 
degrees. 

^MINfFT) 

0941 

0. 

Specified  minimum 
descent  altitude  (FT) . 

R/D  (FPI1) 

0951 

1000. 

Rate  of  descent  in 
ft /min. 
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AD-AU3  037  BOEING  VERTOL  CO  PHILADELPHIA  PA  F/G  9/2 
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VARIABLE  LOCATION  VALUE  ASSIGNED 

RMAX(NM>  0961  200.  Maximum  range  at  end  of 

descent. 


10.943  This  location  specifies 
the  operating  point  for 
engine  power  turbine  at 
design  descent  condi¬ 
tions.  However,  in  this 
example  since  Mu  is 

niimax 

between  10.  and  20.,  the 
program  assumes  a  V*piP 
schedule  mix  of  MjvdV^ip 

and  Vtip  as  designated 
by  locations  1258-1278. 


dFeDSC(FT2) 

0981 

0. 

Increment  in  descent 
equivalent  flat  plate 
drag  area.  (FT2) 

npsddsc 

1001 

0. 

Number  of  primary  engines 
shut  down  during  descent. 

taux/ttot 

1011 

1000. 

This  value  signifies  that 
the  propulsive  thrust 
provided  by  auxiliary 
propulsion  at  descent 
conditions  follows  the 
input  schedule  in  loca¬ 
tions  1671-1692. 

CHANGE  IN  PAYLOAD  WEIGHT 

(SGTIND  - 

8) 

&WPL(LBS) 

1161 

-2000. 

Unload  2000  pounds  of 
payload. 

tpw  (LBS ) 

1171 

.01 

Time  in  hours  necessary 
to  unload  payload. 

WGTIND 

1191 

1. 

No  weight  restriction. 

TRANSFER  ALTITUDE  (SGTIND 

-  9) 

hFINAL(FT) 

1181 

1000. 

Transfer  altitude  to 

1000  ft. 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS  l 

LOITER  INFORMATION,  FOR  RESERVE  FUEL  (SGTIND  *  60) 


ATMIND 

1031 

0. 

Standard  atmosphere. 

AtL(HR) 

1061 

.25 

Calculation  and  printout 
increments ,  time  in 
hours,  during  loiter. 

Nil 

numax 

1071 

10.943 

This  location  specifies 
the  operating  point  for 
engine  power  turbine  at 
design  loiter  conditions. 
However,  in  this  example 
since  Njj  is 

NII MAX 

between  10.  and  20.,  the 
program  assumes  a  Vtip 
schedule  mix  of  MadV-tip 

and  VTIP  as  designated 
by  locations  1258-1278. 

tL(HR) 

1081 

.75 

Maximum  time  in  hours 
for  loiter. 

NpSDLOITER 

1101 

0. 

Number  of  primary 
engines  shut  down  during 
loiter . 

taux/ttot 

1111 

1000. 

This  value  signifies 
that  the  propulsive 
thrust  provided  by  aux¬ 
iliary  propulsion  at 
loiter  conditions  follows 
the  input  schedule  in 
locations  1671-1692. 

AFeL  (FT2 ) 

1131 

Q. 

Increment  in  loiter 
equivalent  flat  plate 
drag  area  (FT2). 

PRIMARY  ENGINE 

CYCLE 

DATA,  NONSTANDARD  PERFORMANCE 

WDTIND 

1201 

0. 

No  fuel  flow  cutoffs 

N1IND 

1202 

0. 

No  Ni  cutoffs 

N19IND 

1203 

0. 

No  referred  Ni  cutoffs 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

N2IND 

1204 

2. 

Free  turbine  engine  to  be 
simulated. 

QIND 

1205 

0. 

No  torque  limit  imposed. 

RNOIND 

1206 

0. 

No  Reynold's  number 
corrections 

niimax/nh* 

1223 

1.026 

Value  for  Nu  cutoff 
referred  to  Nu* 

ROTOR  TIP  SPEED  OR  MACH  NUMBER  SCHEDULE 


No.  of  Pairs  1258  4.  This  value  indicates 

in  V<pip/?1<jgg  that  there  are  4  pairs 

Table  of  input  values  in  loca¬ 

tions  1259  to  1278. 

Values  of  M  1259  0.  In  this  example  problem, 

1260  .2722  it  was  desired  to  have 

1261  .3781  the  rotor  tip  speed 

1262  .4539  schedule  follow  700  FPS 

Correspond-  1269  723.51  ►  up  to  180  kts  forward 

ing  Values  of  1270  723.51  flight  speed.  At  this 

VtiPref  and  1271  .9  point,  the  schedule  will 

MT90REF  1272  .9  then  follow  the  necessary 

tip  speed  to  produce  a 

constant  tip  sea  level  standard  Mach  number  of  0.9  at  90°. 

The  schedule  is  a  plot  of  Tip  Speed  (FPS)  versus  True  Airspeed 
(kts)  for  lines  of  contant  y.  The  180  kt  transition  point  is 
shown  in  location  1260,  where  M  *  Vfwd  *  180  kt  *  2725 

T""  661.2  kt 

and  a  *  speed  of  sound  at  sea  level  standard.  The  correspond¬ 
ing  reference  tip  speed  in  location  1270  is  723.51  FPS,  ob¬ 
tained  through  the  relation;  Vippp  »  VT 

VNHtlAX/(  Nil*  / 

where  Sn  is  input  in  location  0230,  and  is  input  in 

Hiimax  nix* — 

in  location  1223.  Vt  is  found  in  loc&u.  0181. 

For  this  case: 


1258 


Values  of  M  1259 
1260 
1261 
1262 

Correspond-  1269 
ing  Values  of  1270 

VtiPref  and  12 7 1 

Mt90ref  1272 


0. 

.2722 

.3781 

.4539 

723.51 

723.51 

.9 

.9 


VTref  *  700 _ _ 

(.943) (1.026) 


723.51 
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Assuming  that  the  maximum  true  airspeed  will  not  exceed 
300  kts,  this  velocity  was  chosen  for  the  end  point  on 
the  I1t90  line.  This  velocity  is  input  in  location  1262  as 
.4539.  The  corresponding  Vt^ef  is  simply  the  limiting  tip 
Mach  number  *  0.9.  The  same  reasoning  is  similar  for  loca¬ 
tion  1261  and  1271  using  a  true  airspeed  of  250  kts.  Note, 
actual  Vtip  can  be  calculated  from  the  following  equation: 


Vt  *  a  Mfpigo  -  VpwB 


*  AUXILIARY  PROPULSION  SCHEDULE  (TaUX/T) 

The  Tip  Speed  versus  True  Airspeed  plot  used  for  the  Rotor  Tip 
Speed  or  Mach  Number  Schedule  can  be  used  for  the  determina¬ 
tion  of  y  in  the  Taux/t  Schedule. 


VARIABLE 

LOCATION 

VALUE  ASSIGNED  REMARKS 

No.  of  Pairs 
in  Taux/T 
Table 

1671 

4. 

This  location  indicates 
that  there  are  4  pairs 
of  input  values  in 
locations  1672-1691. 

Values  of  y 

1672 

0. 

In  this  example,  the 

1673 

.202 

design  criteria  was  to 

1674 

.5062 

have  auxiliary  propul¬ 

Correspond¬ 
ing  Values 

1675 

1.0 

sion  after  a  true  air¬ 
speed  of  100  kts,  up  to 

>  a  maximum  of  300  kts. 
For  the  100  kt  minimum 

of  taux/t 

1682 

0. 

airspeed  necessary  for 

1683 

0. 

auxiliary  propulsion, 

1684 

.5 

location  1673  is  ob¬ 

1685 

1.0  J 

tained  from: 

**T90ref  “ 

VFWD  +  VT 
a 

j  where  Vp^  « 

100  kts 

solving  for  V«r  ■  (.9)  (661.2)  -  100 


and  u  «  VFWP  ioo 
*5lP  *  495 


.202 


495  kts 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


These  values  signify 
that  the  propulsive 
thrust  provided  by  aux¬ 
iliary  propulsion  at 
*  cruise  condition  for 
engine  sizing  follows 
the  input  schedule  in 
locations  1671-1692  up 
J  to  the  transition  y 
indicated  by  location 
1692.  Above  that  y, 
the  maximum  L/Dg  is 
used.  This  option  used 
only  with  ROTIITD  >  2. 
This  Taux/Ttot  input  can 
be  used  in  all  Taux/Ttot 
locations. 


These  values  replace  the 
Mach  numbers  in  the  same 
locations  as  used  in 
Run  1.  Since  Njj  is 

nH.MAX 

greater  than  20,  the  program  assumes  VriP  schedule  is  in 
Vtip  only.  For  location  1271,  the  Mach  number  *  .3731. 
Therefore,  Vt  in  ft/second  equals: 

VT  *  1.6744  (a  (I1t90)  -  VfWD)  -  577  FPS 

where  1.6744  converts  knots  to  FPS. 

The  Vt  is  now  put  in  its  referred  form 

VtREF  *  VT 


VtREF  "  -  -  596.4  FPS 

(.943) (1.026) 

The  same  procedure  can  be  repeated  to  determine 
location  1272. 


( tAUX/^TOT 'C  0239 


2000. 


(taux/ttot> 

FOR: 

climb  0691 

cruise  0841 

descent  1011 


Values  of 
VTIPggp 


1271 

1272 


596.4 

510.7 


Likewise, locations  1674  and  1675  were  calculated  using  forward 
flight  speeds  of  200  kts  and  300  kts,  respectively.  The  cor¬ 
responding  Tadx/T  locations  were  arbitrarily  chosen. 


VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


SAMPLE  CASE  NO.  4  RUN  2 

ROTIND  0009  6.  L/De  rotor  map  input. 

Rotor  is  operated  at 
max imam  configuration 
L/De  with  Taux/T  as  out¬ 
put.  Program  accepts 
Vtip  schedule .  Location 
0006  must  be  greater 
than  2,  and  location 
0253  must  equal  0. 


SAMPLE  CASE  NO.  4  RUN  3 


*XI 

Nil 


_  0238  20.943 

MAX  C 

0801 

0971  20.943 

1071 


These  locations  specify 
the  operating  point  for 
engine  power  turbine  at 
design  cruiee  condi¬ 
tions.  However,  in  this 
example  since  Nji 


^UllAX 

is  greater  than  20,  the 
program  assumes  a  Vtip 


schedule  only  and  not  a 
mixture  of  Vtip  end 
MadVtip •  This  value  can 
be  used  on  all  locations 
of  NII/Niihax. 
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7.3.5  Single  Rotor  Winged  Helicopter 


The  design  mission  profile  is  illustrated  in  Figure  7-5.  The 
engine  and  rotor  cycles  are  not  discussed  in  this  case.  A 
complete  copy  of  the  program  printout  follows  the  description 
of  the  input. 


1M  MiiricM.  ni  us 


Figure  7-5.  Design  Mission  -  Sample  case  No.  5 

C 
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SAMPLE  CASE  NO.  5 


GENERAL  INFORMATION  SHEET 


VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


OPTIND 

0001 

1. 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1. 

Detailed  printout  desired 

DRGIND 

0003 

2. 

GW/Fe  drag  trend  utilized 

OSWIND 

0004 

0 

User  inputs  Oswald's 
efficiency  factor  (e) 

CNFIND 

0005 

1. 

Single  rotor  helicopter 
desired 

AUXIND 

0006 

2. 

Configuration  includes 
wings  only 

RDMIND 

0007 

3. 

User  inputs  the  diameter, 
location  0182,  CT/a 

FIXIND 

0008 

1. 

Program  sizes  primary 
engines 

ROTIND 

0009 

1. 

Performance  calculated 
by  short  method 

SWINlS 

0010 

3. 

Size  for  maneuver 

BWIND 

0011 

2. 

User  inputs  wing  aspect 
ratio 

ENGIND 

0013 

.0 

Turboshaft  (power 
producing)  cycle 

TRDIND 

0015 

1. 

Use  trend  of  diameter 
main/diameter  tail  *  fn 
(W/A)  MAIN 

TRSIND 

0016 

2. 

Input  CT/a 

VTFIND 

0017 

1. 

Input  locations  0135  + 
0138  ARyp  and  CVT 

respectively 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

HTIND 

0018 

2. 

Horizontal  tail  volume 
coefficient  input 

MRPIND 

0019 

0. 

Main  rotor  position  on 
fuselage  input  by  user 

ESCIND 

0022 

1. 

Program  will  size 
for  takeoff  only 

engines 

WGo 

0023 

9000. 

First  guess  at  design 
gross  weight 

ho 

0024 

.0 

Initial  altitude*"^ 

/ 

|  Nor- 
'  mally 

Ro 

0025 

.0 

Initial  range  J> 

0.0 

except 

fco 

0026 

.0 

Starting  time  \ 

i 

I  for 
mission 
analysis 

h°PTIND 

0027 

.0 

Cruise  at  specified 
altitude 

“mo 

0028 

.333 

Maximum  operating 
number 

Mach 

VM0 

0029 

220. 

Maximum  operating  equiva¬ 
lent  airspeed  knots 

v 

DIVE 

0030 

240. 

Dive  speed  -  approximate¬ 
ly  equal  to  1.2  x  V„o  in 
knots  M 

“lF 

0031 

3. 

Maneuver  load  factor 

K1 

0032 

1. 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel.  1.111  results  in 
10%  of  initial  fuel  for 
reserve 

<SWf 

0033 

.0 

Fixed  fuel  increment  for 
reserves  or  other  use 

kff 

0034 

1.05 

Increase  basic  engine 

SFC  by  5  percent 

I 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


SGTIND 

0035 

1.0 

Taxi  i 

1 

0036 

3. 

Climb  J 

1 

0037 

4. 

Cruise  / 

Sequence 

0038 

5. 

Descent  1 

of 

0039 

9. 

Transfer  f 

altitude  | 

design 

0040 

60.0 

Loiter  for  l 

reserve  fuel  \ 

mission 

0041 

0.0 

End  of  mission] 

0042 

11. 

General  I 

performance 

0043 

100.0 

End  of  case  j 

HELICOPTER 

DIMENSIONAL 

INFORMATION 

SHEET 

AR 

0104 

4.5 

Wing  aspect  ratio 

(+/c)  R 

0105 

.17 

Wing  root  thickness  to 
chord  ratio 

(+/c) T 

0106 

.13 

Wing  tip  thickness  to 
chord  ratio 

Ac/4 

0107 

.0 

Sweep  angle  of  wing 
quarter  chord  (degrees) 

\ 

0108 

.6 

Taper  ratio  of 

wing 

CF/C 

0109 

.3 

Ratio  of  download 
alleviating  flap  chord 
to  wing  chord 

hV„£ 

0110 

.5 

Ratio  of  wing  height  on 
fuselage  (relative  to 
the  bottom  of  the  fuse¬ 
lage)  ,  h'  ,  to  the  total 
fuselage  height,  hp 

CLD 

0111 

.313 

Wing  design  lift 
coefficient 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


0112 

4. 

Horizontal  tail  aspect 
ratio 

*TH 

0113 

1. 

Ratio  of  horizontal  tail 
moment  arm  to  main  rotor 
radius 

(t/c)HT 

0114 

.15  ' 

Horizontal  tail  thickness/ 
chord  ratio 

0115 

.0149 

Horizontal  tail  volume 
coefficient  referred  to 
main  rotor  diameter  and 
tail  arm 

XH 

0116 

1. 

Horizontal  tail  taper 
ratio 

ASWET//Sp 

0120 

.1 

Fuselage  wetted  area 
ratio 

aswt 

0121 

.0 

Incremental  fuselage 
wetted  area 

hF 

0122 

5.862 

Fuselage  height 

WF 

0123 

5.862 

Fuselage  width 

(./d)p 

0124 

1.4357 

Fineness  ratio  of  nose 

U/d)T 

0125 

.583 

Fineness  ratio  of  tail 

*c 

0126 

6.833 

Constant  diameter  section 
length 

4rw 

0127 

.0 

Length  of  ramp  well 

<VV 

0128 

.6 

Main  rotor  position  aft 
of  the  nose  as  a  fraction 
of  main  fuselage  length 

^TB^IlB* 

0129 

3.33 

Fineness  ratio  of  tail 
boom 

(dff/<%B) 

0130 

.3 

Ratio  of  average  tail 
boom  tip  diameter  to 

average  tail  boom 
diameter 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


kt  sting 

0131 

-.558 

Tail  boom  (on  single 
rotor  helicopter)  length 
extending  aft  of  tail 
rotor  center  as  a  fraction 
of  tail  rotor  radius 

arut 

0135 

1.5 

Vertical  tail  aspect 
ratio 

XVT 

0136 

.7 

Vertical  tail  taper 
ratio 

(t/c)^ 

0137 

.15 

Thickness/chord  ratio  of 
vertical  tail 

5vt 

0138 

1. 

Vertical  tail  span 
overlap  distance/tail 
rotor  radius  ratio  - 
input  as  a  function  of 
tail  rotor  radius 

K 

z 

0139 

1. 

Vertical  position  of  the 
tail  rotor  center  (rela¬ 
tive  to  the  vertical  fin 
root  chord)  as  a  fraction 
of  tail  rotor  radius. 

When  TRDIND^O,  (as  in 
this  example) ,  vertical 
tail  span  is  input  into 
this  location. 

Z1 

0142 

.0 

Primary  engine  nacelle 

Z2 

0143 

.0 

dimensional  factors 

Z3 

0144 

.0 

*AIP/lC 

0145 

.0 

Ratio  of  air  induction  ' 
system  length  to  primary 
engine  length 

(t/c)^ 

0152 

.45 

Main  rotor  pylon  root 
thickness/chord  ratio 

<t/c)TF 

0153 

.25 

Main  rotor  pylon  tip 
thickness/chord  ratio 

0154 

.21 

Main  rotor  pylon  aspect 
ratio 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

XFP 

0155 

.74 

Forward  rotor  pylon  taper 
ratio 

V 

0156 

.75 

Main  rotor  pylon  height 

ROTOR  DIMENSIONAL  DATA  FOR  SIZING  MAIN  ROTOR 

ROTOR  CYCLE 
NO. 

0171 

6.5 

Rotor  cycle  number 

% 

0172 

1. 

Number  of  rotors 

W/A 

0173 

8. 

Main  rotor  disc  loading 

dmr 

0174 

38. 

Main  rotor  diameter 

bMR 

0176 

4. 

Number  of  main  rotor 
blades 

9TMR 

0177 

-12. 

Main  rotor  twist 
(degrees) 

XCMR 

0178 

.2 

Main  rotor  blade  cutout 
as  a  fraction  of  radius 

XMR 

0179 

.07 

Main  rotor  blade  attach¬ 
ment  point  as  a  fraction 
of  radius 

(t/G> . 25R 

0180 

(N 

•-I 

• 

Rotor  blade  thickness/ 
chord  at  25  percent 
radius 

VT 

0181 

766.7 

Main  rotor  tip  speed 

(Vo)H 

0182 

.14 

Ratio  of  thrust  coeffi¬ 
cient  to  rotor  solidity 
(helicopter  CT*Thrust/ 

(PAVTIp2) ,  includes 

(CT/o),  (CT/o)Des(H)  , 

(CT/a)CR 

T/W 

0183 

1.03 

Configuration  thrust/ 
weight  ratio  (hover) 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

VKT(C) 

0184 

180. 

Velocity  in  knots  for 
cruise  condition  for 

rotor  and  wing  sizing 

h  (c) 

0185 

2000. 

Cruise  altitude  for 

V# 

sizing  main  rotor 
solidity 

ATINC 

0186 

18.1 

Temperature  increment 
for  cruise  condition  for 
rotor  and  wing  sizing 

(CT/a ) CR 

0187 

.07518 

Ratio  of  thrust  coeffi¬ 
cient  to  rotor  solidity 
(helicopter  CT  =  Thrust/ 

PAVTIp2) ,  includes 

(CT/o),  (CT/a)Des(H) , 

(CT/a)CR 

gREQM ' T 

0188 

1. 

Total  maneuver  g  require¬ 
ment  helicopter  must 
satisfy  (wing  +  rotor) -g 

g (ROTOR) 

0189 

.7 

Maneuver  g ' s  which  rotor 
must  carry.  In  the  case 
of  a  pure  helicopter, 
gRQMT  -  gR0T 

(ROTOR  } 

w  v loading' 

0190 

.7 

Rotor  loading  (rotor 
lift/GW) 

VCEH1 

0191 

1.53 

Main  rotor  vertical 
rate  of  climb  efficiency 

VCEH2 

0192 

.0  J 

factors 

KpCLIMB 

0193 

.85 

Helicopter  forward 
flight  climb  efficiency 

KpDESCENT 

0194 

.85 

Helicopter  forward 
flight  descent 
efficiency 

bTR 

0203 

4. 

Blade  number  per  tail 
rotor  or  propeller 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


1TR 

0204 

-9. 

Tail  rotor  blade  twist 

XCTR 

0205 

.05 

Tail  rotor  blade  cutout 
(end  of  blade  shank, 
beginning  of  rotor  air¬ 
foil  sections)  position 
as  a  fraction  of  rotor 
radius 

XTR 

0206 

.02 

Tail  rotor  blade  attach¬ 
ment  point  as  a  fraction 
of  rotor  radius 

Vttrref 

0207 

766.7 

Tail  rotor  design  tip 
speed  (hover)  -  (fps) 

(Ct/cj)DES  (M) 

0208 

.14 

Ratio  of  thrust  coeffi¬ 
cient  to  rotor  solidity 
(helicopter  Ct  *  Thrust/ 

pavtip2> 

YAW 

ACCEL  v  Y ‘ 

0209 

1. 

Helicopter  yaw  accelera¬ 
tion,  rad/sec2 

YAW  ... 

RATE  '  ' 

0210 

0. 

Helicopter  yaw  rate, 
rad/sec2 

cVctnet 

0211 

1.07 

Ratio  of  tail  rotor  total 
thrust  coefficient  to 
net  thrust  coefficient, 
where  CTNET  =  CTG_Fin 

blocking  losses 

KZZZ 

0213 

1. 

Single  rotor  helicopter 
yaw  moment  of  inertia 
adjustment  factor 

ROTOR  DIMENSIONAL  DATA 

FOR  SIZING 

TAIL  ROTOR 

gMR/TR 

0214 

.5 

Gap  between  main  and 
tail  rotor  disc  (FT) . 

When  TRDIND**0 ,  represents 
gap  between  main  rotor 
disc  and  end  of  tail 
boom  (FT) .  Negative 
number  implies  tail  boom 
ends  under  the  main  rotor 
disc. 
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VARIABLE  LOCATION 

VALUE  ASSIGNED 

REMARKS 

ktrs 

0215 

1. 

Tail  rotor  solidity  multi 
plicative  factor  (used  to 
determine  tail  rotor 
solidity) 

Sin 

0216 

.2 

Vertical  tail  fin  opera¬ 
ting  cruise  lift  coeffi¬ 
cient 

primary  engine  sizing 

INFORMATION  SHEET 

Primary 

Engine  Cycle 
No. 

0217 

3.11 

Primary  engine  selection 

np 

0219 

1. 

Number  of  primary  engines 

shWshemr 

0221 

.7625 

Main  rotor  drive  system 
is  rated  at  102%  of 
main  rotor  design  power 

nT 

0223 

.0 

Transmission  efficiency 

*shpacc 

0224 

.97 

Accessory  power  losses 

SHpTRX/TRP* 

0225 

.1 

Ratio  of  tail  rotor 
drive  system  XMSN  rating 
to  tail  rotor  design 
power 

HTo(H) 

0227 

4000. 

Design  power  hover  alti¬ 
tude  for  engine  sizing 

(T/W)d 

0228 

1.03 

Configuration  design 
point  hover  thrust/weight 
ratio 

iTIN  TO(H) 

0229 

50.3 

Temperature  increment  in 
degrees  above  standard 
at  altitude  for  engine 
sizing 

(Nij/N  > 

J"LMAX  1 

.O.0230 

1. 

Operating  point  for 
engine  power  turbine. 
Operating  tip  speed  is 
computed  from 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


To  operate  at  VT  *  625 

ft/sec  requires  that 
Ntt/Ntt  be  the 


NPSD 

0231 

.0 

Number  of  engines  in¬ 
operative  at  hover  design 
point  conditions 

SHPe/SHP* 

0232 

.95 

Engines  sized  to  permit 
operation  at  100%  of  max¬ 
imum  rated  power 

(VR/C}D 

0233 

450. 

500  ft/min  vertical  rate 
of  climb  capability  re¬ 
quired  at  hover  design 
point. 

POWIND 

0234 

2.0 

Maximum  engine  rating  for 
cruise  engine  sizing. 

For  this  example,  normal 
rated  power  is  the  maxi¬ 
mum  rating  to  be  used. 

hc 

0235 

2000. 

Design  point  cruise  alti¬ 
tude  for  engine  sizing. 

Vc 

0236 

180. 

Design  point  cruise  speed 
for  engine  sizing. 

atin 

WCE 

0237 

18.1 

Temperature  increment 
above  standard  for  cruise 

engine  sizing. 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

(N  /N  ) 

J"L  J"LMAX 

„  0238 
c 

1. 

s 

0240 

.4873 

Wing  operating  lift 
coefficient  at  cruise 
condition  for  engine 

sizing 

(NPSD}C 

0241 

.0 

No.  of  primary  engines 
shut  down  during  cruise 
(for  engine  sizing) 

HELICOPTER  AERODYNAMICS  INFORMATION 

SHEET 

GW/Fe 

0312 

1097.6  *7) 

Drag  trend  constants  are 
derived  from  data  such 

kfed 

0313 

.51108J 

as  illustrated  by 

Figure  4-30,  Section  4.9 

TFEF 

0315 

1. 

Tail  fin  aspect  ratio 
effectiveness  factor 

*N 

0327 

1. 

Wing  multiplicative  drag 
factor 

(Re/Mi 

0328 

.195  B+07 

Mean  Reynolds  number  per 
foot  of  mission 

Cla 

0328 

6.28 

Two-dimensional  wing  lift 
coefficient  slope  (Rad“l) 

NO.  OF  PAIRS 
IN  cl+cd 
TABLE 

0330 

2. 

CLW 

0331 

.0 

Wing  lift  coefficient 

0332 

10  . 

CDWi 

0339 

.009 

Profile  drag  coefficient 

0340 

.009 

of  wing  at  Fe  -  10 
(based  on  wing  planform 

area) 

NO.  Of  Cx/o 

0347 

3. 

Specifies  number  of 

Cx/a  values  in  table 

locations  0349-0353. 

( 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


No.  of  u  0348 


VALUES  OF  0349 

Cy/ O 

A  0350 

0351 


VALUES  OF  p  0354 
0355 
0356 


3. 

Specifies  number  of  p 
values  in  table  locations 

0354-0360. 

-1-? 

Rotor  propulsive  thrust 
coefficient  divided  by 

°-  ( 

main  rotor  solidity. 

Used  in  defining  rotor 

limits 

s' 

„  #  THRUST  REQUIRED 

4 

.0  /  Rotor  forward  flight 

.5  C  advance  ratio 

J  VFPS 

u  »  - - 

VTIP 


VALUES  OF 

0361 

1. 

CT'/o 

0362 

1. 

0363 

1. 

0368 

1. 

0369 

1. 

0370 

1. 

0375 

1. 

0376 

1. 

0377 

1. 

HELICOPTER 

WEIGHT  : 

INFORMATION 

WFE 

2602 

1784. 

WFUL 

2603 

1250. 

values  of  C^'/o  corres¬ 
ponding  to  (Cx/<j)  j.,  loca¬ 
tion  0349  and  p^p-,  and 
v3 

Value  of  CT'/cr  corres¬ 
ponding  to  (C^/ff ) j  loca¬ 
tion  0350  and  p^,  p 2,  «nd 
p3 

Values  of  CTVo  corres¬ 
ponding  to  (Cx/cr)  j  loca¬ 
tion  0351  and  p.f  p2, 
and  p  ^ 

SHEET 

Weight  of  fixed  equip¬ 
ment  in  Lbs. 

Weight  of  fixed  useful 
load  in  Lbs. 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

WPL 

2604 

530. 

Weight  of  payload  in  Lbs. 

awfl 

2605 

50. 

Flight  controls  group 
incremental  weights  in 
Lbs. 

AWP 

2606 

100. 

Propulsion  group  incre¬ 
mental  weight  in  Lbs. 

anst 

2607 

.0 

Structures  group  incre¬ 
mental  in  Lbs. 

RMX 

2608 

.0 

Wing  relief  as  percentage 
of  GW. 

Wi 

2609 

.0 

Weight  of  inboard  store. 

Wo 

2610 

.0 

Weight  of  outboard 
store 

di 

2611 

.0 

Position  of  inboard 
underwing  store  (fraction 
of  wing  semi -span) . 

do 

2612 

.0 

Position  of  outboard 
underwing  store  (fraction 
of  wing  semi-span) 

ku 

2613 

26. 

Cockpit  controls  weight 
factor 

kRL 

2614 

20. 

Main  rotor  controls 
weight  factor 

kSL 

2615 

30. 

Main  rotor  system  con¬ 
trols  weight  factor 

kFW 

2616 

.0 

Fixed  wing  controls 

kTM 

2617 

.015 

Tilt  mechanism  weight 
factor 

kSAS 

2618 

75. 

Stability  Augmentation 
System  (SAS)  weight 
factor.  Usually  in  the 
range  of  20-100  pounds. 

V 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


kRCA 

2619 

.0 

Auxiliary  rotor  controls 
weight  factor. 

kSCA 

2620 

.0 

Auxiliary  rotor  system 
controls  weight  factor. 

kKMC 

2621 

.0 

Miscellaneous  controls 
weight  factor  in  Lbs. 

kB 

2622 

125. 

Body  group  weight  factor. 

AC .  G  • 

2623 

.8 

Helicpter  c.g.  travel  (ft) . 

kLG 

2624 

.03 

Landing  gear  weight  factor. 
Percentage  of  gross  weight. 

kMG 

2625 

.8 

Main  landing  gear  weight 
factor. 

KWW 

2626 

.8 

Detailed  wing  weight 
factor.  This  adjusts  the 
constant  220  in 

W  «  220 (k) 0.585  Up  or 
down  depending  on  the  com¬ 
plexity  of  the  control 
surfaces . 

CF 

2627 

1. 

Wing  unload  factor.  Entered 
as  a  fraction  of  design 
gross  weight. 

^S 

2628 

.0 

Wing  stores  only  weight 
trend  factor. 

kap 

2629 

4. 

Wing  weight/area  factor (psf) 

kHT 

2630 

1.5 

Horizontal  tail  unit  weight 
in  PSF. 

kCLF 

2631 

.0 

Crash  load  factor. 

kNAC 

2632 

.0 

Primary  cowling  weight 
factor  (PSF) 

kAIP 

2633 

125. 

Primary  air  induction  sys¬ 
tem  weight  factor. 

kNACA 

2634 

.0 

Auxiliary  cowling  weight 
factor  (PSF) 

VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


kAIA 

2635 

.0 

Auxiliary  air  induction 
system  weight  factor. 

2636 

.0 

Nacelle  strut  weight 
factor. 

kPRB 

2637 

44. 

Primary  rotor  blade 
weight  factor. 

kRBF 

2638 

2.2 

Rotor  type  factor;  hinge¬ 
less  for  this  example. 

kPH 

2639 

61. 

Primary  hub  weight  factor. 

karad 

2640 

.54 

Main  rotor  weight  factor. 

kBLFD 

2641 

1. 

Blade  fold  weight  factor. 
Input  as  a  fractional  part 
of  the  total  rotor  weight. 

kTR 

2642 

13. 

Tail  rotor  weight  factor. 

kAR 

2643 

.0 

Auxiliary  rotor  weight 
factor.  This  is  the  aver¬ 
age  value  for  the  rotor 
or  propeller  weight 
(LB) .WR  *  14.2  a (k) *67 

kPA 

2644 

1. 

Auxiliary  rotor  multipli¬ 
cative  input  power,  ex¬ 
pressed  here  as  100%  in¬ 
put  power. 

ktfTAR 

2645 

1. 

Auxiliary  tail  rotor  mul¬ 
tiplicative  tip  speed 
factor,  expressed  here 
as  100%  input  speed. 

kPDS 

2646 

230. 

Primary  drive  system 
weight  factor. 

kPDS2 

2647 

3. 

Primary  drive  system 
weight  factor.  Number 
of  gears  on  system. 

kTRDS 

2648 

275. 

Tail  rotor  drive  system 
weight  factor. 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

kADS 

2649 

.0 

Auxiliary  drive  system 
weight  factor. 

kADSZ 

2650 

.0 

Auxiliary  drive  system 
weight  factor  (number  of 
gears  in  system) . 

2651 

.15 

Fuel  system  weight  factor. 

kPEI 

2652 

.0 

Primary  engine  installa¬ 
tion  weight  factor. 

kAEI 

2653 

.0 

Auxiliary  engine  installa¬ 
tion  weight  factor. 

*1 

2654 

1. 

Main  rotor  controls  weight 
factor. 

K2 

2655 

.9 

Main  rotor  system  controls 
weight  multiplicative 
factor. 

K3 

2656 

1. 

Fixed  wing  controls  weight 
multiplicative  factor. 

K4 

2657 

1. 

Auxiliary  rotor  controls 
weight  multiplicative 
factor. 

K5 

2658 

1. 

Auxiliary  rotor  system 
controls  weight  multiplica¬ 
tive  factor. 

K6 

2659 

.85 

Body  weight  multiplicative 
factor . 

K7 

2660 

.85 

Landing  gear  weight  multi¬ 
plicative  factor. 

K8 

2661 

1. 

Wing  weight  multiplicative 
factor. 

K9 

2662 

1. 

Horizontal  tail  weight 
multiplicative  factor. 

K10 

2663 

1. 

Primary  nacelle  weight 
multiplicative  factor. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


*11 

2664 

1. 

Auxiliary  nacelle  weight 
nultiplicative  factor. 

*12 

2665 

.9 

Primary  rotor  blade 
weight  multiplicative 
factor. 

*13 

2666 

.8  • 

Primary  rotor  hub  weight 
multiplicative  factor. 

*14 

2667 

1. 

Tail  rotor  weight  multi¬ 
plicative  factor. 

*15 

2668 

1. 

Auxiliary  rotor  weight 
multiplicative  factor. 

*16 

2669 

.9 

Primary  drive  system 
weight  multiplicative 
factor . 

*17 

2670 

1. 

Auxiliary  drive  system 
weight  multiplicative 
factor. 

*18 

2671 

1.2 

Primary  engine  weight 
multiplicative  factor. 

*19 

2672 

1. 

Auxiliary  engine  weight 
multiplicative  factor. 

*20 

2673 

1. 

Tail  rotor  drive  system 
weight  multiplicative, 
factor 

AT  MIND 

0401 

.0 

Standard  atmosphere 
selected. 

(NR) 

0411 

.05 

Time  in  hours  to  taxi. 

(Nii/Nn  max) 

0441 

1. 

•  • 

CLMIND 

0571 

1. 

Maximum  rate  of  climb 
desired. 

ATMIND 

0591 

0. 

Standard  atmosphere 
selected. 

CL  WING 

0601 

.4873 

Wing  lift  coefficient. 

Altitude  increments  for 
climb  calculations. 


Ah  (FT) 


0621 


1000.0 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

POWIND 

0631 

1. 

Climb  at  maximum  rate  of 
climb,  limited  by  military 
power  available. 

*Vax  (ft) 

0641 

4000. 

Final  altitudes  for  climb. 

(N  /N  ) 

AA  MAX 

0651 

1. 

Operating  point  for  engine 
turbine  during  climb. 

AfeCL(ft2) 

0661 

.0 

Incremental  drag  area  in 
climb. 

SpSDCL 

0631 

.0 

Number  of  primary  engines 
shut  down  in  climb. 

CRSTND 

0721 

1. 

Cruise  at  specified  power. 

ATMIND 

0741 

.0 

Standard  atmosphere 
selected. 

clwing 

0751 

.4873 

Wing  lift  coefficient. 

AR(N.M.) 

0771 

40. 

Calculation  increments 
during  cruise  in  nautical 
miles . 

POWIND 

0781 

2. 

Cruise  speed  by  normal 
rated  primary  engine 
power . 

RMAX(N.M.) 

0791 

160. 

Value  of  range  at  end  of 
each  cruise  segment. 

(N  /N  ) 

A  MAX 

(PRIM  ENG) 

0801 

1. 

iteCR  (FT2) 

0811 

.0 

Increment  in  cruise 
equivalent  flat  plate 
area. 

N 

PSD  CR 

08311 

.0 

Number  of  primary  engines 
shut  down  in  cruise. 

NPSD  i  CR 

0851 

.0 

Number  of  auxiliary  inde¬ 
pendent  engines  shut  down 

during  cruise. 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

DESIND 

0871 

1. 

Descend  at  constant  TAS. 

TAS 

0881 

150. 

True  airspeed  in  knots. 

rmaxind 

0891 

.0 

Descent  flight  path  ends 
at  specified  terminal 
range  (cruise  segment 
must  be  input  previous 
to  descent. 

CLW 

0901 

.4873 

Wing  lift  coefficient. 

ATMIND 

0911 

.0 

Standard  atmosphere 
selected. 

Ah  (FT) 

0921 

1000. 

Step  size  for  descent. 

bMIN  (FT) 

0941 

.0 

Minimum  altitude  during 
descent. 

R/D  (FPM) 

0951 

1000. 

Rate  of  descent. 

RMAX  (N.M.) 

0961 

160. 

Range  at  end  of  descent. 

NII/NII 

MAX 

(PRIM  ENG) 

0971 

1. 

FeDSC  (FT2) 

0981 

.0 

Increment  in  equivalent 
flat  plate  area  parasite 
drag  (descent  performance 
segment) 

NPSD  DSC 

1001 

.0 

Number  of  primary  engines 
shut  down  during  descent. 

ATMIND 

1031 

.0 

Standard  stmosphere 
selected. 

CLW 

1041 

.4873 

Wing  lift  coefficient. 

AtL(HR) 

1061 

.1 

Step  size  for  loiter. 

NII/NII 

1  iIMAX 

(PRIM  ENG) 

1071 

1. 

bL  (HR) 

1081 

.4 

Incremental  time  for 
loiter. 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


npsd  loiter 

1101 

.0 

Number  of  primary  engines 
shut  down  during  loiter. 

AFeL(FT2) 

1131 

.0 

Increment  in  equivalent 
flat  plate  area  parasite 
drag  (loiter  performance 
segment) . 

hFINAL(FT) 

1181 

4000. 

Transfer  altitude  to 
these  final  values  with 
no  time,  fuel  or  distance 
credits . 

GENERAL  PERFORMANCE 

INFORMATION 

STGIND  *  11 

GWIND 

4140 

1. 

User  inputs  difference 
in  gross  weight,  in 
location  4150. 

A GW  (LB) 

4150 

.0 

Change  in  gross  weight. 

ATMIND 

4160 

.0 

Standard  atmosphere 
selecte ' 

CLWING 

4170 

.313 

Wing  lift  coefficient 

AFeCR  (FT2) 

4190 

.0 

Increment  in  equivalent 
flat  plate  area  parasite 
(cruise  performance 
segment) . 

ALTITUDE 

(FT) 

4200 

1000. 

Altitude  for  general 
performance  segment. 

T/W 

4210 

1.03 

Configuration  thrust/ 
weight  ratio  (general 
performance  segment) . 

NII/NII 

MAX 

(PRIM  ENG) 

4220 

1. 

AV(KTS) 

4230 

20. 

Calculation  and  printout 

velocity  increments  in 
knots  during  general  per¬ 
formance  information  in 
location  4250. 


VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


VMAX  (KTS) 

4250 

220. 

Maximum  calculation  and 
printout  velocity  in  knots 
during  general  performance 
information. 

ENGINE  CYCLE 

DATA; 

NON-STANDARD 

PERFORMANCE 

WDTIND 

1201 

1. 

Fuel  flow  cutoff,  refer 
location  1220. 

N1IND 

1202 

1. 

N1  cutoff,  refer 
location  1221. 

NlelND 

1203 

.0 

No  referred  N1  cutoff. 

N2IND 

1204 

2. 

Free  turbine  engine  to 
be  simulated. 

QIND 

1205 

1. 

Torque  cutoff,  refer 
location  1224. 

RNOIND 

• 

1206 

.0 

No  Reynolds  No. 
corrections . 

WM* 

1220 

1.205 

Fuel  flow  limit  -  ratio 
of  maximum  fuel  flow  to 
fuel  flow  at  maximum 
static  power,  sea  level, 
standard  atmosphere. 

M  /N* 

MAX 

1221 

1.017 

Gas  generator  RPM  limit  - 
ratio  of  max  gas  genera¬ 
tor  RPM  to  RPM  at  maximum 
static  power,  sea  level, 
standard  atmosphere. 

NII  /NII 

aj"MAX 

1223 

.913 

Value  for  referred  NI 
limit 

1224 

1. 

Value  of  torque  cutoff 
referred  to  value  at  sea 
level  standard  static 
condition. 
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